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Lithofacies, Depositional Environments, and Regional
Stratigraphy of the Lower Eocene Ghazij Formation,
Balochistan, Pakistan

By Edward A. Johnson, Peter D. Warwick, Stephen B. Roberts, and Intizar H. Khan!

ABSTRACT

The coal-bearing, lower Eocene Ghazij Formation is
exposed intermittently over a distance of 750 kilometers
along the western margin of the Axial Belt in north-central
Pakistan. Underlying the formation are Jurassic to Pale-
ocene carbonates that were deposited on a marine shelf
along the pre- and post-rift northern margin of the Indian
subcontinent. Overlying the formation are middle Eocene to
Miocene marine and nonmarine deposits capped by Pliocene
to Pleistocene collision molasse.

The lower part of the Ghazij comprises mostly dark
gray calcareous mudrock containing foraminifers and rare
tabular to lenticular bodies of very fine grained to fine-
grained calcareous sandstone. We interpret the lower por-
tion of this part of the Ghazij as outer-shelf deposits, and the
upper portion as prodelta deposits. The middle part of the
formation conformably overlies the lower part. It comprises
medium-gray calcareous mudrock containing nonmarine
bivalves, fine- to medium-grained calcareous sandstone, and
rare intervals of carbonaceous shale and coal. Sandstone
bodies in the middle part, in ascending stratigraphic order,
are classified as Type I (coarsening-upward grain size, con-
tain the trace fossil Ophiomorpha, and are commonly over-
lain by carbonaceous shale or coal), Type II (mixed grain
size, display wedge-planar cross stratification, and contain
fossil oyster shells and Ophiomorpha), and Type I (fining-
upward grain size, lenticular shape, erosional bases, and dis-
play trough cross stratification). These three types of bodies
represent shoreface deposits, tidal channels, and fluvial
channels, respectively. Mudrock intervals in the lower por-
tion of this part of the formation contain fossil plant debris
and represent estuarine deposits, and mudrock intervals in
the upper portion contain fossil root traces and represent
overbank deposits. We interpret the middle part of the
Ghazij as a lower delta plain sequence. Overlying the

1Geological Survey of Pakistan, P.O. Box 15, Sariab Road, Quetta,
7300, Pakistan.

middle part of the Ghazij, possibly unconformably, is the
upper part of the formation, which comprises calcareous,
nonfossiliferous, light-gray, brown, and red-banded
mudrock, and rare Type III sandstone bodies. Much of the
mudrock in this part of the formation represents multiple
paleosol horizons. Locally, a limestone-pebble conglomer-
ate is present in the upper part of the formation, either at the
base or occupying most of the sequence. We interpret all but
the uppermost portion of the upper part of the Ghazij as an
upper delta plain deposit.

Thin sections of Ghazij sandstones show mostly frag-
ments of limestone, and heavy-liquid separations reveal the
presence of chromite. Paleocurrent data and other evidence
indicate a northwestern source area.

During earliest Eocene time, the outer edge of the
marine shelf off the Indian subcontinent collided with a ter-
restrial fragment positioned adjacent to, but detached from,
the Asian mainland. This collision caused distal carbonate-
platform deposits to be uplifted, and an intervening intracra-
tonic sea, the Indus Foreland Basin, was created. Thus for
the first time, the depositional slope switched from northwest
facing to southeast facing, and a northwestern source for
detritus was provided. We conclude that the Ghazij was
deposited as a prograding clastic wedge along the northwest-
ern shore of this sea, and that the formation contains sedi-
mentologic evidence of a collisional event that predates the
main impact between India and Asia.

INTRODUCTION

The lower Eocene Ghazij Formation is one of the most
significant lithostratigraphic units in Pakistan. First of all,
the formation contains a considerable amount of minable
coal, and this commodity is of particular importance in a
country whose energy resources are limited. Secondly, the
Ghazij was deposited during the initial stages of collision
between India and Asia; thus the formation contains the first
sedimentologic record of this important event. Of special

1
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interest to geologists is the formation’s enigmatic
depositional setting, which seems to change with every area
of exposure.

LOCATION OF THE STUDY

The Ghazij Formation is exposed within a sigmoidally
shaped mountain belt that covers much of northeastern
Balochistan. As shown in figure 1, Balochistan is the larg-
est province in Pakistan; it contains only 5 percent of the
country’s population, however. Most of the region is arid
with an average annual rainfall of less than 250 mm. Eleva-
tions in the province range from sea level to over 3,500 m.
We used the provincial capital of Quetta as a base from
which to conduct our study because of its proximity to good
exposures of the Ghazij and for logistical reasons. In addi-
tion, Quetta is the national headquarters of the Geological
Survey of Pakistan. In the late 1980’s Quetta had a
population of about 100,000, but this number has increased
dramatically by an influx of refugees. Figure 2 is a detailed
map of north-central Pakistan showing the locations of most
of the place names used in our report.

Although we examined the Ghazij over a broad area of
Balochistan, we concentrated our efforts in four specific
areas: Pir Ismail Ziarat, the Sor Range, Mach, and Johan.
Each of these areas is within a day’s travel of Quetta, and
each exhibits good exposures of the Ghazij; most are the site
of an existing coal-mining effort.

SPONSORSHIP AND PURPOSE OF
THE REPORT

This report resulted from a joint effort between the U.S.
Geological Survey and the Geological Survey of Pakistan.
The study was sponsored by the Government of Pakistan and
the U.S. Agency for International Development (USAID).
Funding was provided by USAID through Project 391-0478:
Energy Planning and Development Project, Coal Resource
Assessment Component 2a; Participating Agency Service
Agreement (PASA) No. 1PK-0478-P-1C-5068-00.

By mutual decision of the two geologic organizations,
the Ghazij Formation in Balochistan was selected for study
because it is known to contain a considerable amount of coal,
and because a comprehensive investigation of its regional
geologic character had not previously been undertaken. Asa
result of our study, a better understanding of the depositional
setting, regional stratigraphic framework, and coal potential
of the formation can be presented. Moreover, both geologic
organizations benefited greatly from the interactions
between participating geologists.

PREVIOUS STUDIES

Short reports discussing the presence of coal-bearing
strata in Balochistan appeared in the literature as early as
the 1880’s. More detailed reports on the Ghazij Formation
were published by the pre-partition Geological Survey of
India during the first half of the 20th century; references to
this early work appear throughout our report. During the
1950’s geologists working for Hunting Survey Corporation,
Limited, conducted an extensive geologic reconnaissance of
a large part of West Pakistan. This work was financed by
the Government of Canada under a Colombo Plan Co-oper-
ative Project. As part of this effort, the Ghazij was exam-
ined regionally for the first time, and this accounting of the
formation remains a major source of information on the unit
(Hunting Survey Corporation, 1960). During the 1960’s
John Reinemund of the U.S. Geological Survey and geolo-
gists from the Geological Survey of Pakistan conducted a
detailed study of the Ghazij in the Sor Range coal field cen-
tered about 17 km southeast of Quetta (fig. 2), and this
effort resulted in a geologic map of the area (Reinemund
and others, no date). In addition to the work just listed, the
Geological Survey of Pakistan has published several impor-
tant reports on the Ghazij, and these are referenced in our
report.

METHODS OF INVESTIGATION

Because of time and logistical constraints, the task of
investigating the Ghazij Formation was divided among the
authors.  Johnson, Khan, and Warwick measured and
described in detail the Ghazij at five widely spaced locations
in order to better interpret regional changes in the deposi-
tional facies. Warwick took the lead in examining the forma-
tion in reconnaissance over a broad area of Balochistan.
Roberts studied the detailed lateral variations of the forma-
tion in the Sor Range by measuring a set of closely spaced
stratigraphic sections.

Stratigraphic sections were measured using a Jacob’s
staff or tape and compass. Standard lithofacies descriptions
such as color, grain size, and lithology were recorded, and
special attention was directed toward describing bedding
characteristics and sedimentary structures. Lateral changes
defining the geometry of sandstone bodies were also noted.
Where available, measurements of paleocurrent indicators
were taken, and pebble counts were conducted on conglom-
erates. Rock samples were collected from critical units along
the line of section for petrographic and paleontologic studies.
Petrographic studies involved the microscopic examination
of thin sections, X-ray diffraction analyses, and work with
the scanning electron microscope (SEM). Some mudrock
samples were submitted for Rock-Eval analysis, and some
limestone samples were submitted for insoluble residue
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Figure 4. Generalized stratigraphic section of exposed Phanero-
zoic rocks in the Quetta area. Arrowheads on right side of column
represent positions of major unconformities; dashed line, approxi-
mate boundary separating Pliocene and Pleistocene. Names in pa-
rentheses associated with the Siwalik Group are more applicable in
middle and southern parts of study area. Gp, Group; Fm, Forma-
tion; Ls, Limestone; Cong, Conglomerate. Compiled from Hunt-
ing Survey Corporation (1960) and Shah (1977). Thickness, in
meters, indicated to left of section.

The geologic boundary separating the Axial Belt from
the Khojak Basin (fig. 3) is significant. Ophiolitic com-
plexes consisting of basic and ultrabasic igneous rocks, and
tectonic melanges containing ocean-floor sedimentary rocks
such as radiolarian chert and pelagic limestone, along with
various thrust faults and unconformities, form a discontinu-
ous zone several tens of kilometers wide. The ophiolitic
rocks on the east side of the zone indicate that the boundary
represents a suture zone, and that the sedimentary deposits in
the Khojak Basin are actually affiliated with another geo-
logic terrain.

The northeast-trending fault shown on the westernmost
edge of the area of figure 3 is a segment of the Chaman trans-
form fault. This left-lateral strike-slip fault connects the
northern Himalayan convergence zone to the north with the
Makran convergence zone to the south. Lawrence and Yeats
(1979) stated that this intracratonic plate boundary is as wide
as 1 km and can be traced for over 800 km; total displace-
ment is at least 155 km.

AREAL DISTRIBUTION OF SEDIMENTARY
ROCKS

Almost all of the rocks exposed in northeastern
Balochistan are sedimentary. Very smail amounts of ultra-
mafic intrusive rocks are present in relatively small ophiolite
complexes (fig. 3), and basaltic volcanic rocks are present
but rare in certain Cretaceous carbonate sequences. In figure
3 one can see that, in general, the eastern portion of the Axial
Belt contains younger rocks than the western portion. This
pattern results from tectonism associated with the ongoing
Himalayan orogeny, which is migrating eastward with time;
compressional structures in the western portion of the belt
have been affected by tectonism for a longer period of time,
thus allowing deeper parts of the crust to be uplifted and
exposed by erosion. Seismicity associated with this ongoing
tectonism is well documented. Ali of the Mesozoic and
lower Cenozoic sedimentary rocks in the Axial Belt are con-
tained in the Calcareous zone of Hunting Survey Corpora-
tion (1960). West of the Axial Belt, the Khojak Basin
contains Paleogene flysch deposits (Jadoon and others,
1990) that are depositionally unassociated with any deposits
in the Axial Beit. These rocks are contained in the Arena-
ceous zone of Hunting Survey Corporation (1960). To the
east of the Axial Beit, strata plunge under the Indus Plain,
and the same sequence of rocks observed in the mountain
ranges can be identified in drili holes. Southeast of Quetta in
the Sibi Reentrant (fig. 2) is a thick wedge of mostly Neo-
gene clastic rocks that attains a thickness of perhaps as much
as 8,500 m (Movshovitch and Malik, 1965). This molasse
basin, referred to as the Sibi trough (fig. 3), might be a north-
western extension of the northwest-trending Cambay graben
in India, which contains as much as 5,000 m of similar rocks,
as suggested by Auden (1974).
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VERTICAL DISTRIBUTION OF
SEDIMENTARY ROCKS

Despite the significant tectonism, rocks older than Per-
mian are not exposed in northeastern Balochistan. More-
over, Permian and Triassic rocks are themselves
volumetrically insignificant, making Jurassic rocks the
essential base of the exposed sedimentary pile. Sedimentary
rocks exposed in this region amount to more than 11,000 m
(fig. 4), and this sequence can be divided into three parts
based on general lithology. The lower part consists of 5,000
m of marine carbonate that was deposited prior to the colli-
sion. Except for the Paleocene strata at the top of this inter-
val, these rocks are generally exposed along the west side of
the Axial Belt (fig. 3). The middle part comprises 3,000 m
of mostly mudrock and lesser amounts of sandstone and car-
bonate that were deposited during or just after the initial col-
lision. The Ghazij Formation occupies the lower half of this
interval. The upper part of the sequence consists of 3,000 m
of conglomerate deposited in response to radical uplift asso-
ciated with the Himalayan orogeny. Rocks of both the mid-
dle and upper parts of the sequence are generally exposed
along the east side of the Axial Belt, and within the Sibi
trough (fig. 3). Significant unconformities in the exposed
section are present between Jurassic and Cretaceous strata,
Cretaceous and Paleocene strata, Eocene and Oligocene
strata, and separating Pleistocene conglomerate of the Siwa-
lik Group from younger conglomerates (fig. 4).

PRE-GHAZI1J GEOLOGIC HISTORY

Nowhere is the history of the Ghazij Formation ade-
quately described in a single publication. Rather, it is scat-
tered about as small bits and pieces in numerous
publications, either stated or implied, and in the heads of
many geologists. Because of the incredible amount of tec-
tonism this region has been subjected to, one never knows
how much structural rotation and (or) transport has affected
the rocks studied. This is especially true of rocks in the
Sulaiman lobe. Because of this fact, assigning compass
directions for source areas and paleoslopes is an educated
guess, at best.

PRE-GHAZI1J PLATE TECTONICS

The geologic history of this region cannot be told with-
out first describing the significant role that plate tectonics has
played. At about 130 Ma, during the Early Cretaceous, the
Indian subcontinent separated from Gondwana (Scotese and
others, 1988), and proceeded northward toward the Asian
mainland. Oceanic crust at the leading edge of the Indian
plate was probably subducted either (1) beneath oceanic
crust positioned in front of the Asian mainland with an

associated island arc, or (2) directly under the continental
crust of the Asian mainland. From about 130 to 80 Ma (Early
Cretaceous to Late Cretaceous) the Indian subcontinent con-
tinued to move northward at a rate of 3-5 cm/yr (Powell,
1979) as the southern Tethys Sea began to close. From 80 to
53 Ma (Late Cretaceous to early Eocene) the Indian subcon-
tinent’s progress accelerated to perhaps 20 cm/yr (Powell,
1979). Sometime during Late Cretaceous to Paleocene time,
the leading edge of the marine shelf that was positioned off
the Indian subcontinent approached the subduction zone, and
sea-floor material in the form of submarine volcanic rocks
and deep-water sediments were obducted onto carbonate-
platform deposits (McCormick, 1989). Many workers (Pow-
ell, 1979; Besse and others, 1984; Patriat and Achache, 1984,
Searle and others, 1987; Scotese and others, 1988; Ricou,
1994) have placed the initial collision between 55 and 50 Ma
(early Eocene). Klootwijk and Peirce (1979) placed the
event generally within this range based on polar wandering
paths, and Powell (1979) reported that the rate of northward
movement of the Indian subcontinent decreased to 4-6 cm/yr
at about 53 Ma, which fits this timing. Evidence from the
Ghazij Formation contained in our report favors 55 Ma for
the initial collision. The initial collision was probably
between the Indian subcontinent and a terrestrial fragment,
such as a microcontinent or island arc, positioned just off the
Asian mainland (see Powell, 1979; Klootwijk and others,
1981; Waheed and Wells, 1990; Bannert and others, 1992;
Kemal and others, 1992). A variation of this scenario was
proposed by Garanti and others (1996). These workers pro-
posed that the initial collision was with the leading edge of
the Asian mainland. In either case, it was probably during
this time that the northward subduction of oceanic crust
ceased, and what remained of the southern Tethys Sea
closed. An important question is, “What became of the ter-
restrial fragment?” Perhaps the eastern part of this mysteri-
ous terrain lies under the Eocene to Miocene flysch deposits
of the Khojak Basin, and the west side of the terrain was
transported out of the region by the Chaman fault. (See
Wells, 1984; Waheed and Wells, 1990.)

PRE-GHAZ1]J DEPOSITION

A shallow-marine shelf supporting a carbonate platform
existed along a portion of coastal Gondwana from at least the
Permian, and when the Indian subcontinent separated from
the supercontinent in the Early Cretaceous, this environment
accompanied the subcontinent northward. As the Indian
plate proceeded north during the remainder of Cretaceous
and Paleocene time, this carbonate platform continued to
accumulate carbonate sediments on the passive continental
margin of the Indian subcontinent. Toward the north lay the
open ocean of the southern Tethys Sea and toward the south
lay the nonmarine environments of the subcontinent (fig. 5).
It was on this platform that the pre- and post-rift, Jurassic
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The sudden presence of elevated topography northwest
of the main part of the marine shelf created a generally north-
east trending foreland basin with a tectonic highland to the
northwest and the exposed Indian craton to the southeast.
Thus, the embryonic Indus Foreland Basin was formed. The
relatively shallow intracratonic sea that occupied the basin
was undoubtedly somewhat connected with the open sea-
way, at least toward the south. During early Eocene, the
Ghazij Formation was deposited on the west side of the
basin. The lower part of the Ghazij was probably deposited
offshore, but the middle and upper parts of the formation
were apparently deposited higher on the depositional slope,
near the shoreline and on the coastal plain, respectively (fig.
6B).

Lower Eocene deposits in Sindh Province are mostly
marine carbonates suggesting that the pre-Eocene carbonate
platform persisted on the east side of the basin. Clastic mate-
rial interbedded with the carbonates in this area was proba-
bly derived from the east off the Indian shield.

The Indus Foreland Basin was divided by the north-
west-trending Sargodha high into a northern part and a
southern part. An isopach map (fig. 7) of Eocene deposits in
south-central Pakistan shows that basin-floor irregularities
existed. Of particular importance is the northwest-trending
Jacobabad high that separated the southern part of the basin
into two subbasins now known as the Kirthar and Sulaiman
provinces. The Ghazij was deposited in both of these prov-
inces. Small ephemeral irregularities north of the Jacobabad
high might have resulted in areas of restricted marine circu-
lation, which could explain the presence of rare evaporites in
the upper part of the Ghazij in the southern Sulaiman Range.

According to Powell (1979), India has migrated from
about lat 30° S. to about lat 30° N. since the Late Cretaceous.
Powell further calculated that during the formation of Paki-
stan’s Paleocene and Eocene coal deposits, the region was
approximately at the equator. Klootwijk and others (1981)
placed this region slightly north of this position.

LOWER EOCENE SEDIMENTARY
ROCKS

Lower Eocene sedimentary rocks in north-central Paki-
stan are contained within the Ghazij Formation. The Ghazij
is intermittently exposed throughout the Axial Belt (fig. 8)
from the vicinity of Bannu 440 km northeast of Quetta in the
northern Sulaiman Range, to the vicinity of Karkh about 350
km south of Quetta in the central Kirthar Range. North of
Bannu, lower Eocene strata are included in other formations,
and south of Karkh the formation is no longer recognized,
probably because of a facies change. In the Quetta region,
exposures of the formation are limited on the west by a sig-
nificant north-trending fault, the Ghazaband fauit (Bannert,
1992). East of the Axial Belt, the formation is recognized in

the subsurface of the Indus Plain as far east as Mirpur
Mathelo (fig. 2), 340 km southeast of Quetta.

Regionally, the Ghazij Formation is mainly an argilla-
ceous deposit that contains increasing amounts of sandstone
toward the west, and increasing amounts of carbonate
toward the east. Based on this generality, Hunting Survey
Corporation (1960) divided the Ghazij into two major litho-
logic groups: the complex assemblage on the west and the
simple assemblage on the east. These workers also subdi-
vided the complex assemblage into lower, middle, and upper
zones (parts).

The Ghazij Formation comprises a crudely shaped clas-
tic wedge that, in general, thins toward the east. Hunting
Survey Corporation (1960) reported the thickness of the
Ghazij to range from 305 to 3,353 m, and Shah (1977)
reported the range to be from 160 to 3,330 m. These differ-
ences in thickness range are difficult to interpret. They
might reflect differential subsidence in the depositional
basin, or they might simply be the measurements of incom-
plete stratigraphic sections. Complete sections of the forma-
tion are rarely exposed, and because of compressional
tectonics and the great amount of soft mudrock in the forma-
tion, thickness measurements of even so-called complete
sections are questionable. Williams (1959) reported the
Ghazij to be almost 600 m thick at its type locality near
Spintangi, about 110 km southeast of Quetta.

HISTORY OF STRATIGRAPHIC
NOMENCLATURE

The first mention of the term Ghazij was by R.D. Old-
ham (Oldham, 1890a). In a short note, he first mentioned
that at least 600 m of shale overlies the “Dungan limestone”
just northwest of Spintangi (about 110 km southeast of
Quetta). Later in the same note, he described an anticlinal
structure in the Kipar Valley where “Ghazij shales” are
exposed. His accompanying sketch map shows this structure
on the north side of the northwest-trending Kipar Valley. 11
km southeast of Spintangi, and “Ghazij Group,” as listed in
his index (explanation), is shown exposed in the core.
Ghazij N., a northwest-flowing tributary to Kipar Valley, is
shown on his sketch map just north of the anticline. Later in
that year, Oldham more closely defined his usage of the term
Ghazij in a slightly longer note (Oldham, 1890b). In this
note, Oldham described the “Ghazij group” as a great thick-
ness of gray and olive-green shale with subsidiary beds of
lime (sic), sandstone, and, locally, coal, all sandwiched
between the “Dungan limestone” and the *“Spintangi group.”
He stated that the unit is named after the valley that runs
down from near Dungan Mountain to Spintangi. Maps of
this area show this drainage as either Ghazij Nala or Ghazij
Rud.

In the Kirthar Range, Vredenburg (1909) described a
shaly sequence underlying the upper and middle *“Kirthar
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Figure 7. Isopach map of total Eocene deposits in south-central Pakistan. Axis of Sargodha high approximate. Contours in meters. Mod-

ified from Ahmad (1982).

limestone,” and he divided the sequence into “lower Kirthar
shales” in the upper part and “Ghazij beds” in the lower part.
Eames (1952a) and Nagappa (1959) presented detailed
nomenclature for lower Eocene rocks in the Sulaiman Range
that included and limited the term “Ghazij Shales.” Will-
iams (1959) was the first to use the word “formation” in asso-
ciation with the Ghazij. Following Oldham’s work, he
redescribed the unit as the Ghazij Formation and redesig-
nated Spintangi as the type locality. Hunting Survey Corpo-
ration (1960) preferred the term “Ghazij Shale,” and
included in the unit the “lower Kirthar shales” of Vredenburg
(1909). Shah (1977) and Igbal and Shah (1980) returned to
the term Ghazij Formation and tightened the definition of the
formation by accounting for the terms introduced by Eames
(1952a), Nagappa (1959), and Hunting Survey Corporation
(1960).

PRINCIPAL REFERENCE SECTIONS

During the course of our study, we measured and
described in detail five stratigraphic sections of the Ghazij
Formation in four widely spaced areas to serve as strati-
graphic anchor points: one in the Sor Range, one near Pir
Ismail Ziarat, two in the vicinity of Mach, and one near Johan
(fig. 9). The first three of these four areas are the sites of
ongoing coal mining activity, and the fourth area has the
potential, although low, for such activity. Measuring sec-
tions of the Ghazij can be quite difficult. Because of the high
percentage of mudrock in the formation, the unit commonly
forms valleys where the rocks are poorly exposed. More-
over, faults and the axial planes of folds are often parallel to
bedding, making their presence difficult to detect. There-
fore, in each of these areas, we selected exposures where the
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most complete section could be measured, and where the
strata seemed relatively undeformed. It is from these five
sections that much of our understanding of the Ghazij stems.
Plate 1 shows small-scale versions of these five sections. On
this plate, in some of the figures, and in the text, we often use
the term mudrock, which as defined by Lundegard and Sam-
uels (1980) inciudes siltstone, shale, mudstone, and clay-
stone. Each of our five sections has been published
separately at a much larger scale as a U.S. Geological Survey
Miscellaneous Field Studies Map, and the reader is

SIO KILOMETERS

encouraged to consult these publications for a more detailed
display of the sections. In addition to these reference sec-
tions, numerous shorter sections and outcrop observations
are discussed in this report.

SHIN GHWAZHA MINE

The Shin Ghwazha mine section was measured near an
active coal mine of the same name located in the central part









VERTICAL SUBDIVISIONS AND LITHOFACIES OF THE GHAZI] FORMATION 17

gray, probably by films of carbonaceous material or manga-
nese-bearing minerals. From a distance, this part of the
Ghazij in many places appears to have a green tinge. Fossil
plant debris is common as isolated fragments or concentrated
on lamina surfaces. Coaly carbonaceous material is very
rare as very thin laminae; however, one lamina several mil-
limeters thick was observed in the Sor Range. Body fossils
were not observed. Ahmed and others (1985) X-rayed sam-
ples of this mudrock collected near Chappar Rift, about 16
km northwest of Khost. They reported that clays from the
rocks consist of 50-60 percent illite, 26 percent mixed lay-
ered, and 14 percent magnesium-rich chlorite. Samples of
the mudrock were collected at three locations and analyzed
for Rock-Eval pyrolysis to determine the characteristics of
the hydrocarbon content and source-rock potential. Two of
the locations are in the Sor Range, one below our Shin
Ghwazha mine section and the other near Sinjidi several
kilometers southeast of our section, and the third is in the Pir
Ismail Ziarat area. At each site, we collected a sample from
the lower, middle, and upper thirds of the sequence. The
results of these analyses appear in table 1. Because of the
low total organic carbon values (< 0.50 weight percent), the
lower part of the formation is not a very likely source rock
for hydrocarbons. Moreover, the low total organic carbon
values of all of the samples make the other Rock-Eval indi-
ces unreliable, and this precludes using these data for inter-
preting source-rock quality and depositional environments.

SANDSTONE

Sandstone is a relatively rare lithology in the lower part
of the Ghazij Formation. This lithology is present in either
laterally extensive, single-bedded tabular bodies, mostly less
than 0.5 m thick, or as larger, very broad lenticular bodies,
mostly less than 2.5 m thick. The rocks are calcareous and
mostly very fine to fine grained; medium-grained sandstone
is present locally in the Sor Range. In most cases, grain size
is evenly distributed within the bodies, but coarsening-
upward or, less frequently, fining-upward bodies of the
larger type are known (see pl. 1B). Fresh surfaces are light
gray; weathered surfaces are mostly light brown to light
orangish brown. From a distance, some of these rocks
appear green tinged. The sandstones consist primarily of
subangular to subrounded grains of light-colored carbonate
rock fragments and lesser amounts of green lithic fragments.
Mudrock chips, as impressions or actual fragments, are also

Figure 10 (facing page). Composite stratigraphic column of the
Ghazij Formation showing lithologic character of lower, middle,
and upper parts of the formation. Thicknesses shown (in meters)
are averaged from stratigraphic sections studied in this report.
Top photograph, upper part near Pir Ismail Ziarat; middle photo-
graph, middle part at Abraham Marri section, Pir Ismail Ziarat;
lower photograph, lower part in the Sor Range.

common. Fossil plant debris is abundant, but whole leaf or
stem impressions are extremely rare. Vertical and horizontal
fossil burrows, most about pencil size in diameter, are com-
mon. Almost all are simple in structure, but in some very
rare cases, larger burrows are pellet packed and resemble
Ophiomorpha. Body fossils were not observed. The thin,
single-bedded tabular bodies are usually structureless or par-
allel laminated, and both the upper and lower contacts are
sharp; sole marks are common on basal surfaces. The larger
bodies have sharp bases, commonly exhibiting sole marks or
subtle erosional relief, and the upper contacts are sharp, or
less frequently, gradational. Bedding is mostly very thin to
thin, but medium to thick bedding is present, locally. Upper
and lower surfaces of individual beds are sharp. Many of
these bodies exhibit partings of mudrock, some of which are
carbonaceous (in extremely rare instances, even coaly);
other partings comprise poorly cemented, very fine grained
sandstone. Small-scale, low-angle, wedge-planar cross
stratification is common; small-scale trough cross stratifica-
tion is rare. Ripple marks, commonly interference type, are
common, especially on the top surface of the bodies. In
some cases, partings in these bodies are thick enough that
“sandstone interval” might be a more appropriate term (fig.
11).

LOWER CONTACT

In our study area, the Ghazij Formation overlies car-
bonate rocks of the Paleocene Dungan Formation, or its
stratigraphic equivalents. The contact is commonly sharp,
but Hunting Survey Corporation (1960) reported it to be
transitional at Mach and Narmuk, and Shah (1990) reported
it as gradational at Khost, Shahrig, Harnai, and Duki (see
also Qureshi and others, 1987). Near Chappar Rift, we
examined this contact, and found that, locally, mudrock of
the Ghazij interfingers with carbonate rocks of the Dungan
through a stratigraphic distance of several tens of meters.
Some workers, such as Williams (1959) and Kassi and others
(1987), stated or implied that the contact is always conform-
able. However, this contact can be locally unconformable
(Hunting Survey Corporation, 1960; Shah, 1977).

Hunting Survey Corporation (1960) described the con-
tact as conformable near Angira, Bahlol, Duki, Harnai, Kin-
gri, Mach, Moghal Kot, Narmuk, Sanjawi, Spintangi, and
Tang Na Pusht.

Unconformable contacts have been reported at the fol-
lowing localities. At Rakhi Nala and near Zinda Pir, Eames
(1952a) reported the contact to be unconformable based on
field evidence and sudden faunal changes. Hunting Survey
Corporation (1960) described the contact as unconformable
with underlying Paleocene rocks in the Sor Range, and stated
that the base of the Ghazij contains rusty (sic) grit and Pale-
ocene foraminifers. Near Wakabi and 6 km northeast of
Baleli, these workers reported that the Ghazij is
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Table 1. Rock-Eval pyrolysis data.

[Tmax, temperature at which maximum yield of hydrocarbons occurs during pyrolysis; S1, integral of first peak (existing
hydrocarbons volatilized at 250°C for 5 minutes); S2, integral of second peak (hydrocarbons produced by pyrolysis of
solid organic matter between 250° and 550°C); S3, integral of third peak (CO, produced by pyrolysis of kerogen between
250° and 390°C); PI, production index (S1/S1+S2); TOC, total organic carbon; HI, hydrogen index (S2/TOC); OI, ox-

ygen index (S3/TOC)]
Sample No. Locality Tmax S1 S2 S3 PI TOC HI OI
°C) mg/g  mglg  mglg wt.%

SR-U1/3-91 Shin Ghwazha 0 0. 0.08 0.66 0. 0.42 19 157
SR-M1/3-91 Shin Ghwazha 0 0. 0.07 0.58 0. 0.43 16 134
SR-L1/3-91 Shin Ghwazha 444 0.01 0.17 0.58 0.06 0.4 42 145
SIN-U1/3-91 Sinjidi 442 0. 0.07 1.27 0. 0.26 26 488
SIN-M1/3-91 Sinjidi 450 0. 0.11 0.9 0. 0.38 28 236
SIN-L1/3-91 Sinjidi 454 0. 0.12 0.59 0. 0.38 31 155
PIZ-U1/3-91 Pir Ismail Ziarat 430 0. 0.18 0.41 0. 041 43 100
PIZ-M1/3-91 Pir Ismail Ziarat 433 0. 0.14 03 0. 043 32 69
PIZ-1.1/3-91 Pir Ismail Ziarat 443 0. 0.04 0.47 0. 0.32 12 146

el

Figure 11. Typical sandstone sequence in lower part of the Ghazij Formation,
Abraham Marri mine section, Pir Ismail Ziarat.

unconformable on the Cretaceous Parh Limestone, and near
Abigul they reported that the Ghazij is unconformable on the
Jurassic Chiltan Limestone. Igbal (1969) reported that near
Murree Brewery, located on the western outskirts of Quetta,
not only is the contact unconformable, but some angularity is
locally apparent. The most striking unconformable contact is
present just west of the village of Umai where the Ghazij is
reported to rest with angularity on older rocks (Blanford,
1883; Hunting Survey Corporation, 1960; Khan, Abbas, and
others, 1986). According to Hunting Survey Corporation
(1960), the underlying rocks, Paleocene, Cretaceous, and
Jurassic carbonates, are folded and are discordant (as much

as 90°) with the overlying Ghazij. The basal Ghazij at this
locality consists of green, cross-stratified, pebbly sandstone
and white, quartz-rich sandstone containing fragments of
older limestone. Other lithologies present include nodules,
irregular patches and layers of red and yellow ochre
(pedogenic?), rusty brown grit containing Paleocene fora-
minifers, and mottled and burrowed lateritic shale. The car-
bonate rocks directly below the unconformity are also
commonly burrowed.

Another type of contact is present in some areas of the
northern Sulaiman Range. Shah (1990) reported that in these
areas the Dungan can be absent apparently because of
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depositional pinch-out, and where this happens the Ghazij
rests conformably on rocks older than the Dungan.

According to Florian Maldonado (U.S. Geological Sur-
vey, oral commun., 1995), many Ghazij-Dungan contacts
that appear sedimentary are actually tectonic.

UPPER CONTACT

The top of the lower part of the Ghazij Formation can
be in either sharp or gradational contact with the overlying
middle part of the Ghazij. We placed this contact at the base
of the lowest significant sandstone body or sandy interval of
the middle part of the formation. Some workers have drawn
the contact at the base of the lowest coal bed in the middle
part of the formation, but this placement is problematic in
areas where the coal is poorly exposed or where there is no
coal in the middle part. Moreover, our placement of the con-
tact facilitates the field mapping of the contact.

MIDDLE COAL-BEARING PART

The middle part of the Ghazij Formation has the most
variable thickness of the three parts of the formation. The
thinnest we can confirm is 16 m at the north end of the Sor
Range, and the thickest is 291 m near Pir Ismail Ziarat.
Hunting Survey Corporation (1960) reported a maximum
thickness of 2,438 m near Bahlol, but this seems unreason-
ably thick considering our findings. In general, the middle
part of the Ghazij consists of thick sequences of mudrock
and thinner tabular to lenticular bodies of sandstone. The
middle part also commonly contains carbonaceous shale and
coal, and, locally, thin beds of limestone. In some areas,
such as Pir Ismail Ziarat, the middle part appears greenish
when viewed from a distance (fig. 10).

LITHOFACIES

MUDROCK

Calcareous mudrock is the most common lithology in
the middle part of the Ghazij Formation. Mudstone is the
usual variety of mudrock, with lesser amounts of shale and
siltstone. Very thin sandstone or limestone beds are present
locally. Fresh surfaces of the mudrock are typically medium
gray, and weathered surfaces are most commonly light to
medium gray or greenish gray; in addition, some weathered
surfaces have a yellow or brown tinge. Secondary gypsum
is very common, and orange-sized tan-weathering limy con-
cretions are present in the Johan area. Hunting Survey Cor-
poration (1960) reported that in the Khost-Shahrig-Harnai
area, mudrock of the middle part in the Ghazij locally con-
tains large concretions. Almost all of the mudrock in our

study area contains carbonaceous material ranging from iso-
lated specks to very thin layers on laminae and bedding
planes. Some of this material is clearly identifiable as fossil
plant debris. In addition, thin carbonaceous shale layers and,
rarely, thin coaly layers are present. Fossil root traces are
common. Locally, the mudrock can be quite fossiliferous,
even to the point of forming a thin coquina. Most common
are small bivalves and snails, but oysters and other large
clams, and large high-spiral gastropods are present in some
units. Ostracodes are also abundant locally.

Units of mudrock range in thickness from & cm to 54 m.
Some mudrock units, such as in the lower part of the Gishtari
Nala section, coarsen upward with an increase in silt content.
The upper part of some units contains numerous fossil-root-
trace horizons, particularly just below the top surface. In
some areas, such as at the Moghal mine section, the topmost
layer is commonly carbonaceous shale. The lowermost part
of some units contains increased amounts of fossils, silt, or
sand. Coquina or fossil plant debris forms a thin basal layer
of some units.

SANDSTONE

Sandstones in the middle part of the Ghazij Formation
are mostly very fine to fine grained, with lesser amounts of
medium-grained varieties. Exceptions to this are at the Gish-
tari Nala and Sarawan River sections where the sandstones
are mostly fine to medium grained. The rocks are calcareous
and very frequently contain fossil plant debris. Fresh sur-
faces of the sandstone are light gray, and weathered surfaces
are most commonly light yellowish gray. Exceptions to this
color are two unique sandstone bodies at the Abraham Marri
mine section, and two bodies at the Moghal mine section;
these sandstones weather greenish gray. Because sandstone
bodies form such an important component of the middle part
of the Ghazij, we have subdivided them into three primary
types, which we call Type I, Type II, and Type IIL

TYPE I SANDSTONE BODIES

Type I sandstone bodies are the least common, and, if
present, they tend to occur stratigraphically low in the mid-
dle part of the Ghazij Formation. They can be single bodies,
or can be part of a mudrock sequence containing several such
bodies (fig. 12). In the areas that we examined, most bodies
range in thickness from about 1.25 to 7.25 m, but one
sequence of three bodies at the Abraham Marri mine section
is 22.5 m thick (pl. 1B). All Type I sandstone bodies are lat-
erally extensive. Although each of these bodies is unique,
some characteristics are common to many. In most cases,
these bodies coarsen upward in grain size: from very fine to
fine at the Shin Ghwazha mine and Abraham Marri mine
sections, and fine to medium at the Gishtari Nala section.
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Figure 12. Two consecutive,
coarsening-upward sequences (indicat-
ed by sloping arrows) containing Type
I sandstone bodies in basal portion of
the middle part of the Ghazij Forma-
tion, Abraham Marri mine section.
Scale in meters above base of
measured section.

Mudrock interbeds are common, and where present, they
tend to decrease in thickness and in number upward. Bed
thickness is quite variable, ranging from very thin to thick or
massive, but several bodies exhibit an upward increase in bed
thickness. The upper and lower contacts of the bodies are
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almost everywhere sharp. Sandstones in the uppermost part
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directly on top of some bodies, and interbedded sequences of
sandstone and mudrock directly underlie some bodies.
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Hunting Survey Corporation (1960) reported the formation
to range from 900 to 1,500 m thick. The lower part of the
formation is about 600 m thick just northwest of Khost. The
upper portion of the lower part of the formation along the
segment is commonly characterized by a relatively thin
sequence containing green-weathering sandstone overlying
yellow-weathering, sandy limestone. Sandstones below this
interval weather a lighter shade of green, but all of the sand-
stones in the lower part of the formation appear greener than
sandstones in the lower part to the south, in the Pir Ismail
Ziarat and Sor Range areas. The middle part of the forma-
tion is reported to average about 150 m thick along the seg-
ment (Ahmad and others, 1986), but near Shahrig it is about
203 m thick (fig. 214). As compared to the Pir Ismail Ziarat
and Sor Range areas, the middle part of the formation along
the segment contains more limestone units and the mudrocks
are more calcareous (Hunting Survey Corporation, 1960).
Sandstones in the middle part of the formation contain more
quartz grains than sandstones in the middle part anywhere to
the south. In general, the amount of sandstone in the middle
part of the formation along the segment increases westward
toward Khost (Hunting Survey Corporation, 1960). East of
the segment toward Duki, sandstone bodies increase signifi-
cantly in number and thickness, and consequently, the mid-
dle part of the formation thickens in this direction. The
upper part of the formation is about 140 m thick near Shahrig
(fig. 21B). Southeast of Harnai, the upper part of the forma-
tion contains some white, primary gypsum, and, in the
uppermost portion, some gypsiferous limestone.

West of the Khost-Shahrig-Harnai segment, Hunting
Survey Corporation (1960) reported the Ghazij Formation to
be at least 900 m thick in the Saran Tangi area, and to consist
of green-weathering mudrock with a few green-weathering
sandstone bodies and minor pebbly conglomerate. The
green coloration of the sandstones in this region results from
an increased percentage of green rock fragments (Kassi,
1986), and the significance of this will be discussed later in
this report.

East of the Khost-Shahrig-Harnai segment, the Ghazij
Formation is well exposed in the area of Duki. Here, the
lower and middle parts of the Ghazij occupy the center of the
east-trending Duki syncline. The upper part of the formation
in this area has been eroded. According to Hunting Survey
Corporation (1960), the Ghazij near Duki contains more
sandstone and fossiliferous limestone in its middle part than
do exposures of this part to the west. They also mentioned
that a curious maroon-weathering mudrock unit is present at
the base of the lower part of the formation. Sandstones in the
middle part of the formation are quartz rich, and Shah (1990)
reported them to contain 70-80 percent quartz grains. The
rocks are fine to medium grained, but locally they are coarse
grained to pebbly. Sandstone bodies are often cross strati-
fied, and the limestone units are sandy and contain abundant
foraminifers. The lower and middle parts of the formation
are thicker in this area than in areas to the west. Khan,
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Figure 21. Stratigraphic section of a portion of the Ghazij Forma-
tion at PMDC (Pakistan Mineral Development Corporation) mine,
several kilometers southeast of Shahrig. A, middle part of the for-
mation; B, upper part of the formation. Modified from a section
provided by the Geological Survey of Pakistan. Scale in 10 m
increments.

Abbas, and others (1986) reported that at Jar Manda near
Duki, the lower part is 960 m thick, and the middle part is
more than 1,080 m thick. Moreover, the number of individ-
ual coal beds in the middle part of the formation near Duki is
greater than in areas to the west.
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MURREE BREWERY

Just west of the western suburbs of Quetta, a northeast-
trending sliver of Ghazij Formation extends for 9 km along
the eastern margin of the Chiltan Mountains (Khan, Younas,
and others, 1986; Kazim and others, 1987). This is the west-
ernmost exposure of the Ghazij in the Quetta region. Here,
about 640 m of the lower part of the formation is present
above the Dungan Formation. The stratigraphic top of the
exposure is in thrust fault contact with the Chiltan Lime-
stone. Carbonaceous shale is rumored to be present some-
where along this exposure, and if this is true, then perhaps
some of the middle part of the formation is also represented.
That part of the formation that is present consists of mudrock
and lesser amounts of sandstone; both lithologies weather
green. The sandstone is coarse grained, but locally it is
gritty, or in rare cases, conglomeratic. Kassi (1986) reported
that the sandstone is particularly rich in basic igneous rock
fragments.

SOR RANGE

Just east of Quetta, a large expanse of the Ghazij Forma-
tion is exposed in the core of the northwest-trending Obash-
taki anticline (fig. 22). Because the Ghazij is relatively soft,
the structure has been breached, and the formation now occu-
pies a northwest-trending valley. To the south, the doubly
plunging Sor Range syncline forms the next fold in the series.
Here, thick limestone of the Kirthar Formation protects the
syncline from erosion, and the structure is maintained as a
small mountain range. All three parts of the formation are
present in this area, but because the lower part rolls over
along the axial trace of the anticline, the lower portion of this
part of the formation is not exposed. The middle and upper
parts of the formation are well exposed along the northern
slope of the Sor Range tucked under the Kirthar cliff, and it
is along this trend that coal mining is most intense.

The Ghazij Formation has been studied in detail in the
Sor Range because of its good exposures, economic signifi-
cance, and close proximity to Quetta. The lithology of the
Ghazij here fits the general description presented in previous
sections of this report. Hunting Survey Corporation (1960)
reported the formation ranges from about 900 to 1,200 m
thick, but Khan and others (1972) thought it might be as thick
as 1,800 m. Kazim and others (1991) reported that the mid-
dle part of the formation ranges in thickness from 30 to 75 m,
and, in general, thickens toward the south. The reader should
keep in mind that all of the above workers included the con-
glomerate unit in the middle part, so these values are thicker
than we would report. The thinnest middle part that we mea-
sured was 16 m at the north end of the range (pl. 2). Our
thickest value, measured in the central part of the range, was
75 m (pl. 2). At the Shin Ghwazha mine section (pl. 1A) the
middle part is 54 m thick. These values confirm that the

middle part of the formation is quite thin in the Sor Range
when compared to regional thicknesses. It is tempting to
relate this thinness to the presence of the conglomerate facies
at the base of the upper part of the formation, and indeed ero-
sion at the base of the conglomerate might have removed
considerable amounts of the middle part of the formation.
However, in the southern part of the range, south of Sinjidi,
where the conglomerate is not represented, the middle part of
the formation is also thin. The question here is, does the ero-
sional surface observed under the conglomerate in the main
part of the range extend to the south, into areas where the
conglomerate is not present, and become so subtle that it goes
undetected?

Kazim and others (1991) reported that the upper part of
the Ghazij Formation ranges in thickness from 127 m near
the north end of the range to 375 m in the central part of the
range. Again, these workers placed the conglomerate unit in
the middle part of the formation, so these values are thinner
than we would report. We measured 419 m at the Shin
Ghwazha mine section, and this part might be as thick as 533
m in the southern part of the range near Daghari.

PIR ISMAIL ZIARAT

About 24 km east of the Sor Range, the Ghazij Forma-
tion is exposed in the core of a generally north trending anti-
cline that extends for about 40 km (fig. 23). The largest
exposure of Ghazij is present in the southern part of the struc-
ture in the Pir Ismail Ziarat area. Hunting Survey Corpora-
tion (1960) referred to this area as the Narwari Valley, but
they provided very little geologic data. At the Abraham
Marri mine section (pl. 1B), only 166 m of the lower part of
the formation is measurable, and we included only 79 m of
the upper part of the formation. However, all of the middle
part of the formation is represented, and we recorded a thick-
ness of 291 m.

The lithologic character of the Ghazij Formation in the
Pir Ismail Ziarat area generally fits the regional description.
The total thickness of the lower part of the Ghazij is probably
unmeasurable, but it appears to be about half as thick as it is
in the Sor Range. Type I sandstone bodies in the lower por-
tion of the middle part of the formation are better developed
in the Pir Ismail Ziarat area than anywhere else in
Balochistan. At the Abraham Marri mine section, two green-
weathering sandstone bodies are present in the middle part of
the formation, and at least two more can be observed in the
upper part of the formation, stratigraphically higher than the
top of our measured section. This is a unique color for Ghazij
sandstones south of the northwestern Sulaiman lobe. The
contact between the middle and upper parts of the formation
at the Abraham Marri mine section is interesting. Based on
a general color change between mudrock units in the two
parts, a sharp contact can easily be placed. But a problem
arises when one views the upper part of the formation from a
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(1960) reported that the Ghazij Formation contains rocks
consistent with their simple assemblage, that is, a shale-dom-
inated sequence that contains some limestone units that
increase in number upward, and minor sandstone. These
workers also reported that the formation is thin in this area as
compared to its thickness in areas to the west. The formation
in the Marri Bugti Hills is also reported to contain some gyp-
sum in its uppermost part (Hemphill and Kidwai, 1973).

RAKHI NALA AND ZINDA PIR

East and north of the Bala Dhaka-Bahlol-Kingri belt,
the Ghazij Formation loses its three-fold divisional charac-
teristic, and other subdivisions have been applied to lower
Eocene strata. Eames (1952a) measured a 1,106-m-thick
stratigraphic section of lower Eocene strata near Rakhi Nala
about 67 km east of Bala Dhaka, and another 1,240-m-thick
section of these rocks near Zinda Pir about 69 km east of
Kingri. In ascending order, Eames divided the lower Eocene
section at Rakhi Nala into Upper Rakhi Gaj Shales (he also
included the very uppermost part of the Lower Rakhi Gaj
Shales), Green and Nodular Shales, Rubbly Limestones, and
Shales with Alabaster (fig. 28). At Zinda Pir, about 68 km
to the northeast, he divided the lower Eocene section into
Zinda Pir Limestones (upper part), Ghazij Shales, Green and
Nodular Shales, Rubbly Limestones, and Shales with Ala-
baster.

Eames’ descriptions of the upper three formations for
both localities are as follows. The Green and Nodular Shales
unit is a sequence of gray calcareous shale interbedded with
layers of green nodular sandy shale, which becomes more
common toward the top of the unit. The Rubbly Limestones
unit is a sequence of interbedded calcareous gray shale and
white-weathering nodular limestone. Some of the rocks con-
tain foraminifers. Locally, the ratio of shale to limestone
varies, as do the bed thickness and silt content of the lime-
stone. The Shales with Alabaster unit consists mostly of
green, gray, and brown calcareous shale with abundant thin
limestone beds containing numerous fossil mollusks. At
least two horizons of gypsum are present, one about 6 m
thick near the top of the unit, and a thinner horizon about 61
m below that. In the Rakhi Nala area, the Upper Rakhi Gaj
Shales are composed of green- and gray-weathering shale
with very rare thin beds of limestone in the lower 18 m. For-
aminifers are locally common. In the Zinda Pir area, the
Ghazij Shales are also composed of green- and gray-weath-
ering shale but lack the limestone beds in the basal part. In
descending order, the Zinda Pir Limestones (upper part) con-
sist of a discontinuous white-weathering limestone, a brown-
weathering dense limestone, and 6—14 m of shale similar to
the overlying Ghazij Shales.

The Zinda Pir Limestones (upper and lower parts) are
possibly equivalent to the Paleocene Dungan Formation.
Nagappa (1959) reported that the Rakhi Gaj Shales and
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Ghazij Shales as described by Eames are equivalent. The
Upper Rakhi Gaj Shales and Ghazij Shales, and the overlying
Green and Nodular Shales are probably equivalent to the
lower part of the Ghazij Formation to the west (fig. 27); the
Rubbly Limestones probably has no lithostratigraphic equiv-
alent in the Ghazij; and the Shales with Alabaster is probably
equivalent to the upper part of the Ghazij. The coal-bearing
middle part of the Ghazij Formation in the Quetta region is
evidently not present in the Rakhi Nala and Zinda Pir areas.
If an unconformity exists between the middle and upper parts
of the Ghazij Formation, then the boundary between the
Shales with Alabaster and the Rubbly Limestones in the
Zinda Pir and Rakhi Nala areas might also be unconform-
able. Correlating the subdivisions of Shah (1990) with those
of Eames (1952a) is difficult. Perhaps Shah’s Shaheed Ghat
Formation is equivalent to the Upper Rakhi Gaj Shales and
Ghazij Shales, and the Green and Nodular Shales (fig. 27),
the Drug Formation is equivalent to the Rubbly Limestones,
and the upper part of the Toi Formation is equivalent to the
Shales with Alabaster.

Quresht and others (1987), in their study of the stratig-
raphy of the Sulaiman Range in the general vicinity of Rakhi
Nala and Zinda Pir, presented yet another nomenclature for
lower Eocene rocks in this area. They proposed including all
of the lower Eocene strata in the Ghazij Formation, and
divided it into three members. In ascending order these are:
Rakhi Gaj Shale, Drug Limestone, and Baska Shale. This
nomenclature was also used by Akhtar and Masood (1991).

MOGHAL KOT AND DRAZINDA

About 130 km north of Zinda Pir, in the Moghal Kot and
Drazinda area, Hemphill and Kidwai (1973) divided the
lower Eocene section, in ascending order, into Ghazij Shale
and Baska Shale (fig. 29). They reported the Ghazij Shale to
be about 2,740 m thick and divided it into two parts. The
lower part consists of green- and dark-gray-weathering,
locally carbonaceous mudrock and subordinate sandstone.
The upper part consists of red- and maroon-weathering
mudrock, with coarse-grained sandstone and conglomerate
near the top. Foraminifers are locally common throughout
the Ghazij Shale. The Baska Shale consists of 49-189 m of
green- to greenish-gray-weathering mudrock that contains
alabaster both as nodules and in beds as thick as 9 m. Near
the base of the formation, the mudrock is sandy and weathers
red and maroon, and the contact with the underlying Ghazij
Shale is sharp where sandstone occupies the upper part of the
Ghazij Shale. Locally, gypsiferous limestone containing
large foraminifers is present near the top of the Baska Shale.
Hemphill and Kidwai (1973) stated that the formation thins
toward the north, and extends south along the east edge of the
Sulaiman Range perhaps as far as Dera Bugti. Although
Hemphill and Kidwai intended the Baska Shale to replace the
Shales with Alabaster of Eames (1952a), the two type areas
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Figure 29. Lower Eocene stratigraphy in Moghal Kot and
Drazinda areas. Modified from Hemphill and Kidwai (1973).
Vertical scale in 500-m intervals.

are separated by about 150 km. The reddish upper part of
their Ghazij Shale might actually be equivalent to Eames’
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identified. The same set of diagrams were constructed for
the Pir Ismail Ziarat samples, less the two green sandstones.
On these diagrams we grouped the samples by their deposi-
tional environments, and, as would be expected, differences
were noted. However, these differences probably reflect the
energy of deposition rather than differences in source areas.
Because, in general, the grain size of Ghazij rocks decreases
in an easterly direction (Hunting Survey Corporation, 1960),
we believe that the detrital grains now contained in Ghazij
sandstones entered the depositional system from a westerly
direction.

The high percentage of quartz grains in the Duki and
Kingri samples indicates a source area rich in that mineral,
and the percentage increase from Duki to Kingri might indi-
cate that the source area was located toward the east. We can
think of two possible sources of the quartz. The Upper Cre-
taceous Pab Sandstone is known to be present in the
Sulaiman Range (Hunting Survey Corporation, 1960), and
uplift and erosion of this unit might have provided the
quartz. Uplift and erosion of Precambrian acidic crystalline
rocks could also have provided the quartz, but no such rocks
are known to have been present to the west during the
Eocene. The eastward increase in quartz from Duki to Kin-
gri makes the Indian Precambrian shield a tempting candi-
date, but paleocurrent data collected from Duki and Kingri
do not support an easterly source. Lacking any definitive
proof, we must assume that the quartz entered the system
from the same direction as the limestone grains, that is, from
a general westerly direction. Whether the source area for the
Duki and Kingri quartz and the less common quartz present
in other Ghazij sandstones was the same remains an unan-
swered question.

The source of the green sandstones in the middle part of
the Ghazij at Pir Ismail Ziarat is intriguing. Northwest of Pir
Ismail Ziarat, the amount of green sandstone in this part of
the formation is known to increase toward Kach. To the
southeast at the Moghal mine stratigraphic section near
Mach, two bodies of green sandstone are present at about the
same stratigraphic level as those at Pir Ismail Ziarat. The
similar stratigraphic position coupled with the fact that the
bodies near Mach are thinner than those at Pir Ismail Ziarat
suggests that the bodies near Mach could represent a more
distal position of the same depositional system that deposited
the bodies near Pir Ismail Ziarat. In any case, the regional
increase in green sandstone toward the northwest indicates a
source area in that general direction. The rock fragments
contained in the sandstones are probably fragments of basic
extrusive rocks, as reported by Kassi (1986) for sandstones
in the Kach area, and the grains of green chert might be of
deep marine origin. Both of these possible parent materials
are commonly present in ophiolite complexes. An alternate
source of the basic extrusive fragments could be the Bela
Volcanic Group, a local unit consisting mostly of basaltic
rocks that is generally considered to be a part of the Parh
Limestone (Hunting Survey Corporation, 1960). In
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Figure 39. Limestone-type diagram showing groupings of data
points by area. A, Sor Range, Mach, and Johan; B, Pir Ismail Ziarat;
C, Duki; D, Kingri.

addition, the Parh is known to include local accumulations of
conglomerate containing high percentages of basic igneous
clasts. At one such locality in the vicinity of Kach, 30 km
northwest of Pir Ismail Ziarat, the conglomerate is as thick
as 762 m (Blanford, 1883; Williams, 1959; Hunting Survey
Corporation, 1960). We believe that the rock fragments of
the green sandstones and the much less common rock frag-
ments found in other Ghazij sandstones had a similar source.
What remains unanswered is what kind of unique conditions
resulted in the deposition of the two bodies of green sand-
stone at Pir Ismail Ziarat within a stratigraphic sequence
dominated by carbonate-rich sandstone.

Another question about the sandstones is a more con-
crete one: where are the feldspar grains? Perhaps the rocks
in the source area simply did not contain any such minerals.
More likely, though, detrital feldspars were initially depos-
ited but subsequently altered to other minerals. It is known
that feldspars, especially the calcium-rich varieties, that are
subjected to either deep burial or high tectonic stress are
quite susceptible to diagenetic process. Because these rocks
have experienced extreme amounts of tectonism associated
with continental collision, the original feldspars could have
converted in place to calcite, or, if altered to calcium car-
bonate and mobilized, could be present as a contributor to
the calcite cement. Conversely, the original feldspars could
have gone into solution and simply left the system. We
note that many of the sparite crystals display strong calcite
twinning that could be mistaken for plagioclase twinning.
This might explain the feldspars reported by Kassi (1986).

HEAVY MINERALS

The presence of chromite in some of the sandstones has
a profound implication on source area. With little doubt,
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these grains were originally contained in ultrabasic rocks.
The most likely source of the chromite, and the basic extru-
sive rock and green chert fragments observed in thin section,
is one or more ophiolite complexes similar to those now
exposed sporadically along the western margin of the Axial
Belt (fig. 40). Ophiolite complexes contain an admixture of
former sea-floor sediments, basic oceanic lavas, and ultraba-
sic upper-mantle rocks that were “scraped off” the upper part
of an oceanic plate as it was being subducted beneath an adja-
cent plate. When continental masses riding on these two
plates collided, the ophiolitic material was obducted onto the
continent riding the plate being subducted. Thus, an ophio-
lite complex represents a suture zone between welded conti-
nental masses. In the case of the Eocene collision between
the terrestrial fragment and the Indian subcontinent, the ophi-
olitic material was thrust southeastward over platform car-
bonates that were present off the northwestern coast of the
Indian subcontinent.

As shown in figure 40, a large ophiolite complex is pres-
ently exposed north of Quetta in the south end of the Zhob
Valley near Muslim Bagh. Rocks contained in this complex
include dunite, gabbro, harzburgite, peridotite, pyroxenite,
basic volcanic rocks (pillow lavas), red siliceous limestone,
and red and green radiolarian chert (DeJohn and Farah, 1976;
Ahmad and Abbas, 1979; Gansser, 1979). Chromite is a
common component of the dunite and harzburgite, and many
mines in the area extract this mineral (Rossman and others,
1971; Ahmad and Abbas, 1979). The complex overlies a tec-
tonic melange that includes garnet amphibolite, green schist,
serpentinite, and autochthonous platform carbonates in a
matrix of highly sheared shale (Ahmad and Abbas, 1979).
According to Rossman and others (1971), Allemann (1979),
and Ahmad and Abbas (1979), the youngest rocks included
in this melange are latest Late Cretaceous (Maastrichtian) in
age. Locally, the top surface of the ophiolites shows evi-
dence of erosion, dissection, and laterization (Rossman and
others, 1971; Allemann, 1979; Powell, 1979). The oldest
rocks to be deposited over this unconformity are limestones
of the middle Eocene Kirthar Formation (implied by Ross-
man and others, 1971; Ahmad and Abbas, 1979; Allemann,
1979; and Powell, 1979). In addition, a local unit in the Zhob
Valley, the lower Eocene to lower Oligocene Nisai Group,
overlies the ophiolites at some localities and contains pebbles
of peridotite (Auden, 1974). Thus, the ophiolites must have
been emplaced between Late Cretaceous and early Eocene
time. Although the present-day Muslim Bagh ophiolite com-
plex might not have been exposed and shedding sediments
into the Ghazij depositional area during early Eocene, a sim-
ilar complex likely was present during this time, and did pro-
vide the chromite and basic igneous rock fragments to the
Ghazij depositional system. Subsequently, such a complex
could have been eroded away or transported out of the area
by tectonism.

CONGLOMERATE

By considering only the major limestone and chert col-
ors, and adjusting their totals to 100 percent, we constructed
trigonal diagrams showing the distributions of clast colors
for conglomerates in the Sor Range and in the Harboi Hills
(fig. 41). As shown in this figure, the colors of limestone
clasts from the Harboi Hills are about equally distributed,
whereas those from the Sor Range show a high percentage of
light-gray and off-white colors. Chert clasts from the Sor
Range come in a variety of colors, including light gray and
off white, whereas those from the Harboi Hills come in fewer
colors and lack light-gray or off-white varieties. These data
demonstrate that differences exist between the types of clasts
present in the Sor Range and in the Harboi Hills (fig. 41;
Johnson and others, 1993). Considering that these two areas
are separated by 137 km, this is not unexpected. All of the
limestone and chert clast colors can be accounted for as com-
ing from pre-Ghazij carbonate units (fig. 4). Determining the
particular pre-Ghazij unit that might have provided the clasts
is more difficult because all the colors represented in the
limestone clasts are common in many pre-Ghazij units. The
high percentage of light-gray and off-white limestone clasts
in the Sor Range probably came from exposures of the Parh
Limestone, a unit particularly rich in those colors. The pres-
ence of Parh clasts in the Sor Range is supported by Igbal
(1969), who reported the presence of Cretaceous limestone
clasts in this area.

Oldham (1890b) observed the conglomerate at the base
of the upper part of the Ghazij near Shahrig and Harnai, and
reported the presence of clasts of Cretaceous limestones.
Kazi (1968) also examined the conglomerate near Harnai and
recognized clasts from Jurassic units and from the Paleocene
Dungan Formation. The conglomerate in the Ghazij near
Urak was reported by Hunting Survey Corporation (1960) to
contain clasts from the Jurassic Chiltan Limestone, the Parh
Limestone, and the Paleocene Brewery Limestone (a local
equivalent of the Paleocene Dungan). To the south, Shah
(1977) confirmed the presence of clasts as old as the Jurassic
Shirinab Formation in the Marap Conglomerate Member.

Geologists with the Geological Survey of Pakistan
stated that in the conglomerate facies of the Ghazij in the Sor
Range, clasts of Parh Limestone are common but limestone
clasts of Dungan Formation are rare or absent. This seems
supported by Fritz and Khan (1975), who reposted that
among the foraminifers recovered from the Ghazij in the Sor
Range, reworked Late Cretaceous varieties are common but
reworked Paleocene foraminifers are absent. This implies
that in the Sor Range’s source area Upper Cretaceous rocks
were exposed but Paleocene rocks were not. Hunting Survey
Corporation (1960) reported evidence of inverse order of
deposition in the Marap Conglomerate by noting that
Shirinab clasts are more common in the upper part of the
deposit and Parh clasts are more common in the lower part of
the deposit. For more details on the types of chert available
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Figure 40. Map showing ophiolite complexes (black pattern) in
central Pakistan. From north to south, Waziristan, Zhob, Muslim
Bagh, and Bela. Curved lines are structural trends, dashed where in-
ferred (in Afghanistan). Dot pattern, Axial Belt. Modified from
Asarullah and others (1979).

from pre-Ghazij formations, consult Aubry and others
(1988).

Sandstone clasts are rare in the Sor Range conglomer-
ate, but Hunting Survey Corporation (1960) thought that
some of those observed might have come from sandstone
bodies in the lower part of the Ghazij.

BIOSTRATIGRAPHY OF THE
GHAZ1J FORMATION

Locally, the Ghazij Formation is rich in gastropods,
pelecypods, foraminifers, corals, echinoids, algae, and nan-
nofossils. Fossil plant impressions and trace fossils are also
locally abundant. Vertebrate fossils have not been described
from the Ghazij, but workers at a coal mine in the Pir Ismail
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Figure 41. Trigonal diagrams showing distribution of clast types

in conglomeratic facies of the Ghazij Formation in the Sor Range
and in the Harboi Hills; #, number of clasts counted. A, limestone
clasts; B, chert clasts.

Ziarat area reported the finding of a lower jaw with a tooth
in a coal bed. Many of the earlier workers who studied the
Ghazij collected and identified numerous fossils from the
formation, and lists of their findings can be found in the lit-
erature. See Eames (1951, 1952a, 1952b, 1952c), Haque
(1959), Hunting Survey Corporation (1960), Latif (1962,
1964), Fritz and Khan (1975), and Igbal (1969). The reader
should be aware that although most of the fossil names listed
in these reports are still valid, many names have been super-
seded by newer names. Furthermore, more recent studies
have placed many of these fossils into time stratigraphic
units that differ from those originally published.

VERTICAL SUBDIVISIONS OF THE
GHAZIJ FORMATION

LOWER PART

We did not observe any body fossils in the lower part of
the Ghazij Formation. However, based on published studies
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of microfossils, especially foraminifers, microfossils are
quite common in this part of the Ghazij. Many of the sand-
stone bodies contain trace fossils, including simple vertical
and horizontal burrows, and a variety of tracks and trails on
bedding surfaces. Almost every hand sample contains car-
bonized fragments of fossil plant debris, including stem frag-
ments, leaf parts, and rare fruiting bodies. At Pir Ismail
Ziarat we observed impressions of whole leaves in a sand-
stone body more than 166 m below the top of this part of the
formation. In addition, whole leaves are reported to be
present in the upper portion of the lower part of the formation
near Kach, and we observed their presence at this same strati-
graphic interval in the Sor Range.

Fritz and Khan (1975) identified 37 genera and about
100 species of foraminifers in the lower part of the Ghazij in
the Sor Range. Both benthonic (large and small types) and
planktonic varieties were observed. These workers reported
that reworked Cretaceous foraminifers are quite common in
this part of the section, and that horizons rich in the reworked
foraminifers contain very few Eocene foraminifers, and vice
versa. That is, horizons rich in Eocene ones contain very few
reworked ones. They attributed this to the fact that during
intense erosion of Cretaceous rocks in the source area,
increased amounts of sediment, including foraminifer tests,
clouded the Ghazij depositional environment. Because fora-
minifers require clear water to thrive, live Eocene varieties
could not exist. As erosion in the source area slowed, water
in the environment cleared, Eocene foraminifers thrived, and
their tests could again dominate the deposited foraminifer
assemblage. Gibson and others (1992) have reported on for-
aminifers in the lower portion of this part of the formation,
and their work is discussed in an upcoming section of this
report.

MIDDLE PART

Body fossils are quite common in the middle part of the
Ghazij Formation. In almost all the areas we examined, this
part of the section contains layers of fossiliferous sandstone
or mudrock, and the fossils locally reach such density that
some layers qualify as coquinas. Gastropods and pelecypods
are the most common fossils. We also found a few foramin-
ifers and ostracodes in some units. Trace fossils are locally
common in sandstone bodies toward the base of this part of
the Ghazij in some areas, and at least one variety closely
resembles Ophiomorpha. Thalassinoides is also probably
present. Much of the mudrock in this part of the formation
contains fossil root traces, and most of the mudrock and finer
grained sandstones contain fossil plant debris in the form of
stem fragments, leaf parts, and rare fruiting bodies.

Despite the abundance of fossils in this part of the
Ghazij, few studies of them have been published. Igbal
(1969) studied fossils from the middle part of the formation
in the Sor Range and near Shahrig. He reported 17 species

of foraminifers, 5 species of coral, and 27 species of mol-
lusks.

UPPER PART

For the most part, fossils are very rare to absent in the
upper part of the Ghazij Formation. In all the areas that we
examined, we did not observe a single body fossil in this part
of the Ghazij. Of particular interest is the fact that almost all
the mudrock is barren of any fossil plant debris. Fritz and
Khan (1975) reported that all types of foraminifers are rare in
the upper part of the formation in the Sor Range. However,
Haque (1959) recovered foraminifers from several beds
stratigraphically high in the upper part of the formation in the
Sor Range. And, we collected samples of mudrock high in
the Shin Ghwazha mine stratigraphic section in the Sor
Range from which nannofossils were recovered. Both
Haque’s work and the results of our sample analyses are dis-
cussed in the next section of this report.

AGE OF THE GHAZIJ FORMATION

Based on fossil evidence, the Ghazij Formation is
mostly early Eocene (Ypresian) in age. This age has been
established or confirmed by such workers as Eames (1951,
1952a, 1952b, 1952c), Haque (1959), Williams (1959),
Hunting Survey Corporation (1960), Latif (1962, 1964),
Fritz and Khan (1966), Igbal (1969); Shah (1977), Igbal and
Shah (1980), and Kassi and others (1987).

Paleocene fossils have been collected from the lower-
most portion of the Ghazij in the area of Umai (Hunting Sur-
vey Corporation, 1960). T.G. Gibson (U.S. Geological
Survey, oral commun., 1992) identified iate Paleocene fora-
minifers from shale samples collected from the lowermost
portion of the formation just above the Paleocene Dungan
Formation near Chappar Rift, 16 km northwest of Khost (see
also Gibson and others, 1992). However, in another set of
samples collected by us at the same locality, Gibson identi-
fied only early Eocene foraminifers. J.M. Self-Trail (U.S.
Geological Survey, written commun., 1994) examined both
sets of samples and was able to identify late Paleocene and
early Eocene nannofossils, respectively. All this implies that
at this locality the Dungan-Ghazij contact is very close to the
Paleocene-Eocene boundary. The fact that the lower contact
of the Ghazij might transgress a time boundary was first
mentioned by Oldham (1890b). This fact was also recog-
nized by Hunting Survey Corporation (1960), and they pre-
sented evidence that the base of the formation became
younger toward the east. Moreover, stratigraphic relations
shown on one of their geologic maps (Geologic Map No. 15)
imply that the base of the Ghazij might also become younger
toward the south.
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On several diagrams in Williams (1959), the upper con-
tact of the Ghazij is shown to transgress the early-middle
Eocene time line, and this was also reported by Hunting Sur-
vey Corporation (1960) and implied by Gingerich and others
(1979). In the Sor Range at the Shin Ghwazha mine strati-
graphic section, the Ghazij and the overlying Kirthar Forma-
tion seem to interfinger over a stratigraphic interval of about
32 m. As shown on plate 14, a limestone unit about 6 m
thick is present near the top of the upper part of the Ghazij.
This is the only limestone in the Ghazij in this section, and it
appears different from any limestone observed in the Ghazij
elsewhere. Although the limestone is also unlike any lime-
stone observed in the overlying Kirthar, it appears more
closely associated with this formation than with the Ghazij.
Overlying this limestone unit is a partly covered mudrock
sequence about 26 m thick tucked under the Kirthar cliff.
This circumstance poses a question: should the contact
between the two formations be drawn at the base of the 6-m-
thick limestone unit, or at the base of the cliff? Because for-
mations are defined as mappable units, we would place the
contact at the base of the cliff. We collected two samples
(SG-18-91 and SG-19-91; Johnson and Khan, 1994a) from
the mudrock interval between the 6-m-thick limestone unit
and the Kirthar cliff, and according to J.M. Self-Trail (writ-
ten commun., 1994) they contain late Eocene nannofossils.
Haque (1959) recovered 108 species of foraminifers from
five samples collected within a 25-m-thick shale interval just
below the Kirthar cliff several kilometers northwest of our
stratigraphic section. Although he did not mention a lower
limestone unit, such a unit might be covered or missing in the
area he sampled. Haque reported the age of these foramini-
fers to be middle to late Eocene, and stated that some of the
foraminifers were also present in the “White Marl Band” and
“Upper Chocolate Clays” of the Kirthar Formation in the
Rakhi Nala area as described by Eames (1952a). L.M.
Bybell (U.S. Geological Survey, oral commun., 1994)
reported that late-middle Eocene nannofossils have also
been identified from the upper part of the Ghazij near Shah-
rig. Thus, evidence indicates that at least the uppermost part
of the Ghazij is middle to late Eocene in age. The question
is, where within the Ghazij is the lower-middle Eocene
boundary?

DEPOSITIONAL FACIES OF THE
GHAZ1) FORMATION

Opverall, the Ghazij Formation comprises a shallowing-
upward sequence. This was also the understanding of Hunt-
ing Survey Corporation (1960), as indicated by their state-
ment that the depositional environments of the Ghazij
progressed from marine to brackish to fresh in an upward
direction. In detail, the formation, especially the middle
part, probably records deposition under complex conditions

of repeated minor marine transgression and regression. Dis-
tant views of the Ghazij in areas where all three subdivisions
are exposed are reminiscent of views of the Upper Creta-
ceous Mancos Shale and Mesaverde Group in the Western
United States, which contains rocks deposited under similar
depositional conditions.

VERTICAL SUBDIVISIONS OF THE
GHAZIJ FORMATION

In the following text, we discuss the depositional facies
of each of the three subdivisions of the Ghazij Formation.
We discuss the conglomerate and evaporite facies of the for-
mation in separate sections, because of their complex nature.

LOWER PART

An overwhelming body of evidence supports a marine
depositional setting for the lower part of the Ghazij. Almost
all of this part of the formation consists of mudrock, proba-
bly greater than 1,000 m in thickness, and an environment
other than marine where this much mud could accumulate is
difficult to imagine. Sandstone bodies in the lower part of
the formation can be divided into two broad categories: (1)
thin, laterally extensive, tabular bodies, and (2) thicker,
broad, lenticular bodies. The tabular bodies with their sharp
upper and lower contacts and sole marks are interpreted as
having been deposited as wave base lowered during periods
of storm activity. This resulted in sand being transported
down slope into environments of finer grained sediments.
The origin of the larger sandstone bodies is problematic.
Most likely they represent submarine-channel or submarine-
fan deposits. Curiously, some of these bodies, especially in
the Sor Range, are as coarse as medium grained, and a sub-
marine channel moving nearshore sediments into deeper
water might explain the presence of this grain size. Some
bodies, especially in the Pir Ismail Ziarat area, coarsen
upward, and these could conceivably represent minor shore-
face deposits developed during short periods of lower sea
level.

The presence of abundant foraminifers in the mudrock
of this part of the formation is ample evidence of deposition
in a marine environment. In addition, marine ostracodes
have been identified from this part of the formation (E.M.
Brouwers, U.S. Geological Survey, oral commun., 1992).
Gibson and others (1992) collected mudrock samples from
the lowermost beds of the lower part of the formation near
Chappar Rift, 16 km northwest of Khost. From these sam-
ples they extracted certain benthonic foraminifers that sug-
gest deposition in middle-bathyal waters 300-550 m deep.
Fritz and Khan (1966) collected planktonic and benthonic
foraminifers from the lower part of the formation in the Sor
Range and concluded that the presence of the planktonic
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varieties indicated an open-ocean environment. These work-
ers also noted the presence of a zone containing the large
benthonic foraminifer Nummulites in the uppermost
mudrock just below the base of the middle part of the forma-
tion. They interpreted the present of this fauna as evidence
of warm, shallow-water deposition, perhaps in water as shal-
low as 30 m or less. In addition, samples we collected (A-4-
90 and A-9-90, Johnson and Khan, 1994b) from the upper
portion of the lower part of the formation at the Abraham
Marri mine stratigraphic section near Pir Ismail Ziarat con-
tained marine ostracodes characteristic of deposition in shal-
low-water environments (E.M. Brouwers, oral commun.,
1992). Thus, there is evidence for shoaling depositional con-
ditions in the upper portion of this part of the formation just
prior to the deposition of the middle part of the formation.

We believe that the lower part of the Ghazij can be
divided into a lower portion, representing relatively deep
water deposition on the outer shelf, and an upper portion,
representing shallower deposition on the inner shelf. The
time of shallowest marine deposition occurred during the
final stage of lower Ghazij accumulation.

MIDDLE PART

The middle part of the Ghazij Formation contains rocks
that show characteristics of marine, paralic, and fluvial dep-
ositional environments. Sandstone bodies in the middle part
of the formation can be divided into three types. Type I sand-
stone bodies, most of which coarsen upward in grain size,
display an upward decrease in mudrock interbeds, and con-
tain trace fossils resembling Ophiomorpha, are interpreted to
be shoreface deposits. This assignment is supported by the
fact that some of these bodies also display orange stain and
fossil root traces in their uppermost few centimeters, and the
fact that coal or carbonaceous shale is present directly on or
just above many of them. In addition, Type 1 bodies, where
present, are always positioned stratigraphically at or near the
base of the middle part of the formation. Assuming that the
lower part of the formation has a marine origin, this position
of Type 1 bodies is consistent with a prograding shoreface
setting.

In areas where Type 1 sandstone bodies are particularly
common in the middle part of the formation, the presence of
a nearby point source for sand entering the depositional sys-
tem is suspected. Therefore, in these sand-rich areas, Type 1
sandstone bodies could represent delta-front deposits. If this
is cotrect, then the upper portion of the lower part of the for-
mation is a prodelta deposit.

Type II sandstone bodies are more difficult to inter-
pret. In areas where Type 1 bodies are present near the base
of the middle part of the formation, Type 11 bodies tend to
be positioned stratigraphically above them. Where Type 1
bodies are absent, Type 11 bodies occupy the lower part of
the sequence. Characteristics of Type II bodies vary
considerably, but the common presence of wedge-planar

cross stratification, trace fossils resembling Ophiomorpha,
and local concentrations of fossil oyster shells suggests
that these bodies are some type of paralic deposit associ-
ated with tidal processes and brackish conditions. Some
Type II bodies might represent tidal channels cutting
through older deposits; others might represent bay-head
deltas or crevasse splays debouching sand into brackish
bays or estuaries.

Type I1I sandstone bodies were most certainly depos-
ited under fluvial conditions. Evidence pointing to this envi-
ronment includes the common presence of (1) erosional
bases typically underlying a layer of mudrock chips and
wood impressions, (2) fining-upward grain size, (3) upward
decrease in bed thickness, (4) trough cross stratification and
internal erosion surfaces, especially in the lower part of the
bodies, and (5) mudrock partings and ripple laminations in
the upper part of the bodies. Some bodies appear laterally
continuous and are interpreted to be sheet-flood deposits,
whereas other bodies are lenticular and interpreted to be
channel-fill deposits. Almost all Type III bodies are posi-
tioned stratigraphically in the upper portion of the middle
part of the formation. Thinner, laterally continuous sand-
stone bodies in the upper portion of the middle part probably
represent crevasse-splay deposits.

Mudrock intervals stratigraphically above the shoreface
sandstones probably represent lagoonal deposits, whereas
mudrock intervals associated with the paralic sandstones are
interpreted to be bay-fill or estuarine deposits. Mudrock
intervals associated with the fluvial sandstones higher in the
section are interpreted to be overbank accumulations such as
levee and flood plain deposits.

Coal in the middle part of the formation indicates the
past presence of peat swamps in areas where the water table
was at or very close to the ground surface. Moreover, the
presence of coal implies a fresh-water environment, no mat-
ter how close the swamp was to the shoreline, and a climate
where precipitation exceeded evaporation. As noted by
Hunting Survey Corporation (1960), those areas where the
middle part of the formation is the thinnest, such as in the Sor
Range and at Khost and Harnai, have the thickest coal depos-
its. They believed that the thinness of the middle part in these
areas resulted from their depositional position near the heads
of deltas where clastic accumulation was less because of sed-
iment bypass. And, because these areas were the first envi-
ronments to form on the deltas, peat had the most time to
accumulate. In contrast to this idea, we suggest that coal
associated with Type 1 sandstone bodies most certainly rep-
resents peat accumulation low on the coastal plain, and the
coal beds in the Mach area seem to represent peat accumula-
tion near the very front of the coastal plain. Most likely peat
accumulated under a variety of conditions throughout the
coastal area.

Some of the coals in the middle part of the formation are
relatively high in sulfur. A high sulfur content is believed by
many to indicate a marine influence, and this feature might
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further support the interpretation of peat accumulation adja-
cent to the shoreline. Ghaznavi (1990) used the relation of
high sulfur and marine influence to create a depositional
model for the middle part of the Ghazij in the Khost-Shahrig-
Harnai area. He suggested that the high sulfur content in his
middle coal bed near Shahrig indicated a close proximity of
the sea. The high sulfur content in his top coal bed near Har-
nai was interpreted as evidence that the marine influence had
shifted east into this area by the time this coal bed was
deposited.

Numerous reports of marine fossils in certain strati-
graphic horizons in the middle part of the formation indicate
a depositional environment influenced by frequent incur-
sions of sea water. Igbal (1969) studied fossils collected
from the middle part of the formation near Sinjidi in the Sor
Range and from near Shahrig. Igbal identified numerous
foraminifers, gastropods, and pelecypods, and concluded
that they were all marine. In addition, he observed an inter-
esting limestone bed in the middle part of the formation near
Sinjidi. From this bed he identified five species of corals,
and speculated that they probably lived in warm, clear
marine water of the sublittoral zone between 46 and 61 m
deep. E.M. Brouwers (oral commun., 1992) reported the
presence of shallow-marine ostracodes in samples we col-
lected (A-11-90 and A-13-90, Johnson and Khan, 1994b)
from the lower portion of the middle part of the formation at
the Abraham Marri mine stratigraphic section near Pir Ismail
Ziarat. A close proximity of the sea is also supported by the
presence of trace fossils resembling Ophiomorpha in sand-
stone bodies in the lower portion of the middle part of the
formation. Oyster shells are a common fossil in the middle
part of the formation, and these fauna are good indicators of
brackish conditions. Nonmarine environments are evident
higher in the middle part of the formation as reported by
E.M. Brouwers (oral commun., 1992), who recovered non-
marine ostracodes from samples of mudrock we collected
(A-23-90, A-34-90, and A-41-90, Johnson and Khan, 1994b)
high in the middle part of the formation.

We conclude that most of the middle part of the Ghazij
was deposited in the lower reaches of a coastal plain of very
low relief that experienced frequent marine incursions. In
detail, the middle part of the formation probably contains a
complex mixture of marine, brackish, and fluvial deposi-
tional facies. In areas such as Pir Ismail Ziarat where the
middle part of the formation is especially well developed, it
is apparent that this part contains the deposits of a prograding
coastal package as evidenced by the upward succession of
shoreface, brackish, and fluvial facies. In other areas, how-
ever, such clear evidence of depositional history is lacking.

UPPER PART

In regard to depositional setting, the upper part of the
Ghazij Formation is the most enigmatic. Taking no chances,

Hunting Survey Corporation (1960) stated that it was of
“semiterrestrial, paludal, fluvial, or marine origin.” The first
thing one notices about the upper part of the Ghazij is its
color. Although gray is still the primary color of the
mudrock, such tones as maroon, red, orange, and yellow are
very common. These colors along with their banded appear-
ance suggest sequences dominated by multiple paleosol
horizons. This association was also noted by Hunting Sur-
vey Corporation (1960) in their occasional use of the term
“lateritic” when describing this part of the formation.

Almost all the sandstone bodies in the upper part of the
formation appear to be Type III. These bodies contain the
same features that identify Type III bodies in the middle part
of the formation as fluvial deposits, but in the upper part of
the formation these bodies tend to contain a larger number of
fluvial characteristics than do the bodies below. Most of the
fluvial sandstones seem to be channel-fill deposits; sheet-
flood deposits are rare. Although sandstone is not acommon
lithology in the upper part of the formation, those channel-
fill deposits that are present can be quite spectacular. At the
Shin Ghwazha mine stratigraphic section in the Sor Range
(pl. 14), sandstone units in the upper part of the formation
are thicker than any other sandstone units in the section. The
same situation exists at the Moghal mine section near Mach
(pl. 1C and 1D).

The upper part of the formation is practically devoid of
fossil animal or plant remains. This phenomenon is probably
the result of post-deposition oxidation rather than an original
absence of life forms in the depositional setting. An excep-
tion to this is the presence of foraminifers and nannofossils
in the uppermost portion of the upper part at several locali-
ties in the Sor Range. Haque (1959) reported planktonic for-
aminifers in this stratigraphic interval and interpreted a
warm-water environment that might have been as deep as
730 m. In addition, E.M. Brouwers (oral commun., 1994)
identified marine ostracodes from this part of the section
near Shahrig. We observed trace fossils resembling Ophio-
morpha in the upper part of the formation in a sandstone
body stratigraphically above the Abraham Marri mine strati-
graphic section near Pir Ismail Ziarat, and in a sandstone
body high in the Sarawan River section near Johan (pl. 1D).
The presence of this trace fossil indicates at least brackish
conditions, if not totally marine, and implies that at least
some marine transgression followed deposition of the mid-
dle part of the formation.

Most of the upper part of the Ghazij was probably
deposited under fluvial conditions high on a coastal plain.
The apparent interfingering of the middle and upper parts of
the formation near Pir Ismail Ziarat and Mach probably rep-
resents a transition zone between lower and upper deposi-
tional settings on the coastal plain. The presence of
relatively deep water foraminifers in the uppermost part of
the sequence in the Sor Range and at Shahrig seems to indi-
cate that a major marine flooding event occurred sometime
prior to the deposition of the overlying Kirthar Formation. If
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such an event did occur late in Ghazij time, then the
sandstone and conglomerate present at the very top of the
formation near Harnai could represent a subsequent localized
regression prior to the Kirthar transgression. Finally, we note
that the middle and upper parts of the Ghazij contain the first
nonmarine sediments to be deposited in this area of the Indus
Foreland Basin.

SPECIFIC SITES

SOR RANGE

As mentioned before, the middle part of the Ghazij For-
mation in the Sor Range (pl. 14) is abnormally thin, probably
because the upper portion was removed by erosion prior to
the deposition of the conglomerate facies, which now occu-
pies the basal portion of the upper part of the formation.
Most of the sandstone bodies present in the middle part of the
formation appear to be of paralic origin. Shoreface sand-
stones are present at the base of the middle part, but only
locally (fig. 42).

PIR ISMAIL ZIARAT

The best developed shoreface sandstone at the base of
the middle part of the Ghazij Formation is present in the Pir
Ismail Ziarat area. In fact, as shown on plate 1B, two such
deposits, each overlain by a coal-bearing interval, are present
at the Abraham Marri stratigraphic section. This implies an
initial regression and subsequent progradation, a short-lived
transgression, followed by another regression and prograda-
tion. We believe that the lower portion of the middle part of
the formation, just above the stratigraphically highest shore-
face sandstone, might have been deposited in a broad tidally
dominated delta, which would explain the close association
of marine and nonmarine rocks observed in this part of the
section. By this depositional model, the mudrock intervals
would represent bay-fill or estuarine deposits, and the paralic
sandstone bodies would represent bay-head deltas or large
crevasse splays. If this model is correct, then where were the
rivers that fed the delta? Most likely they existed to the
northwest beyond the western limit of present-day Ghazij
outcrops. The upper portion of the middle part of the forma-
tion at this site contains fluvial sandstone bodies, and these
could indicate that with time, the river systems that fed the
delta eventually prograded across the top of the paralic
deposits.

MACH

In the middle part of the Ghazij Formation, near Mach,
relatively thin coal beds and thin limestone beds containing
high-spiral marine gastropods (R.M. Forester, U.S.

Geological Survey, oral commun., 1993) are intercalated in
the same sequence (pl. 1C and 1D). Moreover, some of the
coal beds contain concentrations of isolated fossil mollusks
of probable marine or brackish affinity. We interpret the
close association of coal and marine limestone to deposition
on a very flat surface where peat was accumulating directly
adjacent to the shoreline. As a result of relatively frequent
but minor fluctuations in sea level, a mixing of marine and
nonmarine environments caused these two lithofacies to be
closely deposited. This general interpretation was also
expressed by Hunting Survey Corporation (1960), who noted
that the thin coal beds in this area probably resulted from the
relatively short periods of peat accumulation between fre-
quent shifts in the shoreline (see also Ahmad and others,
1986). Conversely, the association of these two lithologies
could represent changes in climate. Although well displayed
in the Mach area, the best example of the intercalation of
these two lithologies is in the middle part of the Ghazij near
Shahrig (fig. 15).

We believe that the fossiliferous coal is the result of
storm activity that washed marine or brackish shell material
landward into the peat swamps.

JOHAN

The fact that the middle part of the Ghazij Formation is
less recognizable in the Johan area probably results from the
fact that this area was farther away from the deltaic source of
sand-size sediments than areas to the north (see also Ahmad
and others, 1986). As aresult, sandstone bodies are generally
absent in the upper portion of the main body of the formation
in this area. Because the area lacked a sand-supported depo-
sitional platform during middle Ghazij time, peat swamps
were more ephemeral and as a result, coal beds are few and
thin in the Johan area.

CONGLOMERATE FACIES

The abrupt appearance of a conglomerate facies in the
otherwise finer grained Ghazij Formation is perhaps the most
intriguing feature of the formation. This facies is limited to
the westernmost margin of the early Eocene Indus Foreland
Basin, an area perhaps best described as a mountain-front
foreland basin. As previously discussed, conglomerate is
found in the Ghazij (1) locally, at the base of the upper part
of the formation in the greater Quetta region, and (2) taking
up much of the upper part of the formation in the greater
Kalat region—the Marap Conglomerate Member of the
Ghazij.

It is our opinion that all the conglomerates in the Ghazij
represent the bed-load deposits of gravel-dominated, low-
sinuosity (braided) streams flowing, in general, from
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Figure 42. Generalized cross section of middle part of the Ghazij Formation and its relation to the conglomerate unit in basal portion
of the upper part of the formation along the length of the Sor Range. Also shown are interpreted geometries of sandstone bodies in
middle part of the formation and their relation to major coal beds. Datum is top of conglomerate unit. Dots representing measured
sections and drill holes are named and located on plate 2. Length of cross section approximately 23 km.

northwest to southeast (Johnson and others, 1993). The riv-
erine conclusion is supported by the following observations:

1. The widespread presence of amalgamated lenticular
bodies with erosional bases, representing deposition in indi-
vidual channels.

2. The clast-supported fabric, indicating hydrologic
segregation of gravel and sand in a bed-load stream.

3. The weakly developed, horizontal stratification
resulting from traction processes in a bed-load stream.

4. The presence of imbricated clasts resulting from sal-
tation processes in a bed-load stream.

5. The presence of inclined surfaces representing
accretion associated with migrating bar forms.

6. The presence of isolated lenses of small-scale,
trough cross stratified sandstone.

7. The commonly observed normal grading, or fining-
upward grain size, indicative of a decrease in flow velocity
as vertical accretion culminated.

The low-sinuosity conclusion seems to be the only pos-
sibility considering the stream velocity needed to transport
the size of clasts in the deposit.

QUETTA REGION

Where present in the Quetta region, in the Sor Range
and in the Shahrig-Harnai area, the conglomerate occupies a
series of channels, the lowest of which have cut into the top
of the middle part of the formation. The absence of the con-
glomerate in the southeastern part of the Sor Range more
likely occurred because the area was beyond channel

margins, rather than because of a simple pinchout or grada-
tion into finer grained rocks in that direction. The relative
thinness of the conglomerate in the Quetta region seems to
indicate a single, relatively ephemeral riverine stage early in
the history of upper Ghazij deposition in this area. Because
the conglomerate is not present everywhere, the riverine sys-
tem (or systems) must have been somewhat fixed in position
although individual streams probably exhibited considerable
lateral mobility. Post-depositional tectonic transport in con-
junction with the present-day limited exposures of the Ghazij
makes it difficult to tell just how interconnected these
patches of conglomerate were, but subtle differences in over-
all lithology indicate that at least the Sor Range and Shahrig-
Harnai deposits had different source areas. In the Sor Range,
a sandstone unit overlies the conglomerate at several locali-
ties, and based on the sedimentologic characteristics of the
sandstone it appears to have accumulated during the final
stage of the same depositional event that deposited the
underlying conglomerate. This depositional association of
sand following gravel fits nicely with the decrease in flow
velocity that occurs during the waning stage of riverine dep-
osition.

KALAT REGION

In the Kalat region, conglomerate constitutes a much
higher percentage of the upper part of the Ghazij and can be
present at any stratigraphic level in the interval. In some
areas, the conglomerate makes up all of the upper part of the
formation, and at the type area of the Marap Conglomerate
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Member, conglomerate makes up most of the formation.
This implies that riverine conditions were more common and
more intense in the Kalat region. Regionally, the lithofacies
is more wedge shaped in this area compared with the broad
sheetlike deposits in the Quetta region.

DISCUSSION

It is tempting to assume that the relatively thin con-
glomerates in the Quetta region are simply the distal edge of
the more massive conglomerates of the Marap in the Kalat
region. However, the northernmost exposure of Marap and
the southernmost exposure of the Quetta conglomerates are
about 80 km apart creating a broad belt where similar con-
glomerate is not present in the upper part of the Ghazij (fig.
43). This fact leads to the realization that instead of one
regional package of conglomerate, at least four depocenters
or lobes of conglomerate can be identified: from south to
north, the Kalat lobe, the Sor Range lobe, the Shahrig-Harnai
lobe, and, far to the north, the Moghal Kot lobe (fig. 43). Of
course, some of these lobes might have been connected at
some distance to the west, in an area now unavailable for
inspection because of erosion or tectonic transport. The Sor
Range, Shahrig-Harnai, and Moghal Kot lobes, with their
relatively thin, blanketlike geometry, probably represent
simple coarse deposition in minor paleovalleys incised into
the early late Ghazij coastal plain. The Kalat lobe, however,
with its thick amalgamated channel deposits, probably repre-
sents a complex system of one or more stream-dominated
alluvial fans. Each of these lobes represents a separate dep-
ositional system, but the basic depositional process was the
same—riverine. The differences in stratigraphic position
and total clast volume between the Kalat lobe and the three
lobes to the north probably reflect more proximal versus
more distal depositional positions, respectively, on different
depositional systems. For example, the Kalat lobe might rep-
resent midfan deposition, the three lobes to the north distal
deposition. The coarse-grained sandstone bodies observed at
the stratigraphic level of the conglomerate east of the Sor
Range would thus have been deposited in even more distal
areas of the fans. We found it interesting that the conglomer-
ate in the Sor Range and the lowest conglomerate in the Har-
boi Hills are at about the same stratigraphic level (fig. 44),
suggesting that the depositional episode that emplaced the
conglomerate began at about the same time in both areas.

SOME QUESTIONS AND ANSWERS
How did gravel come to be deposited in an environment

of finer grained sediment? We believe that most of the upper
part of the Ghazij Formation was deposited on a coastal plain

of very low relief. Apparently limestone terranes of signifi-
cant height developed directly adjacent to this depositional
setting (fig. 45). High-velocity streams originating in these
highlands had enough hydrologic head to move coarse-
grained detritus out into the low-energy environment near the
base of the uplift. As these streams quickly lost their gradient
and dispersed radially, hydrologic energy decreased and
gravel accumulated as a basin-margin deposit.

How and where did the clasts get so well rounded?
Because calcite is relatively soft, clasts of limestone can
become well rounded during one sedimentary cycle. Thus,
these clasts could have obtained their roundness over a rela-
tively short distance of fluvial transport while moving along
a system of tributary and trunk streams within the highlands.
It is possible, of course, that some of these clasts were stored
during their transport history in river terraces within catch-
ment basins, and then remobilized, perhaps during a period
of high discharge associated with intense precipitation and
runoff, and dumped suddenly onto the edge of the coastal
plain.

If stream transportation is responsible for rounding the
clasts, then why are the rocks so poorly sorted? The poor
sorting observed in the conglomerates is probably a function
of flash-flood discharge that moved the coarse detritus out
beyond the topographic front.

EVAPORITE FACIES

Of major importance to our discussion is the deposi-
tional setting of the evaporite facies that is present, but poorly
described, in the upper part of the lower Eocene interval in
the Sulaiman Range. The rocks could have been deposited in
a coastal setting in areas where circulation of marine water
was somehow restricted. Evaporation exceeding the influx
of normal sea water could have caused hypersaline condi-
tions and led to the establishment of a sabkha environment.
Conversely, the rocks could have been deposited in a
separate closed basin where evaporation coupled with the
lack of incoming normal sea water resulted in hypersaline
conditions. Some gypsiferous limestones in the Baska Shale
are reported to contain foraminifers (Hemphill and Kidwai,
1973), and this is evidence of some marine influence.

Figure 43 (facing page). Present-day distribution of Eocene sed-
imentary rocks in north-central Pakistan and location of conglom-
erate facies of the Ghazij Formation or its equivalent. 1, Kalatlobe;
2, Sor Range lobe; 3, Shahrig-Harnai lobe; 4, Moghal Kot lobe.
Outlines of conglomerate facies are approximate and in some cases
drawn larger than their actual distribution for emphasis. Outlines
of individual lobes (solid and dashed lines) are entirely hypotheti-
cal. Geology modified from Bakr and Jackson, 1964.
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Figure 44.  Stratigraphic columns showing conglomerate inter-
vals in top 500 m of the Ghazij Formation in Harboi Hills and Sor
Range. Stratigraphic level of conglomerate facies in Sor Range is
about the same as that of lowest conglomerate in the Harboi Hills.

Because humid conditions probably prevailed during middie
Ghazij time, as indicated by the presence of coal in this part
of the section, a climate change must have occurred during
late Ghazij time to account for the deposition of evaporite
minerals.

PALEOCURRENT INDICATORS FROM
THE GHAZ1J FORMATION

Only afew paleocurrent studies have been conducted on
the Ghazij Formation, and all of these were small parts of
broader investigations. Thus, too few data points are avail-
able to make any definitive statement about early Eocene
paleoflow in this part of the Indus Foreland Basin.

We took 15 paleocurrent measurements from individual
sandstone bodies in the middle part of the Ghazij along the
length of the Sor Range. Almost all of the measurements
were of cross stratification, and in each case we measured the
three-dimensional orientation of a foreset surface. Because
the strata dip at low angles in this area, no correction for
structure was necessary. Directional data from this effort are
quite variable, but there is a slight preference for northwest
and southwest paleoflow. We also collected paleocurrent
information from the conglomerate facies at the base of the
upper part of the formation. These data were collected from
clast imbrication and from cross-stratified foresets in

Figure 45. Depositional model showing possible distributary
stream systems on the late Ghazij coastal plain, whose gravelly bed
load is now represented by the conglomerate facies found in the up-
per part of the Ghazij Formation. No scale implied.

sandstone lenses within the conglomerate facies. The data,
consisting of 10 measurements, appear random.

As part of our examination of the Ghazij at the Abraham
Marri mine stratigraphic section near Pir Ismail Ziarat, we
collected paleocurrent data from five individual sandstone
bodies in the middle part of the formation. At each site we
measured the three-dimensional orientation of foreset sur-
faces from at least 12 individual trough limbs. Because the
strata dip at high angles in this area, all values were corrected
for structure. Rose diagrams displaying these data show
paleoflow toward the south-southwest, west-northwest,
north-northeast, southeast, and south-southeast. We also
recorded the long-axis orientations of symmetrical ripple
marks from four marine sandstone bodies in the lower part of
the formation. All four axial values were toward the north-
east. In present-day marine settings the axes of symmetrical
ripple trains are developed subparallel to shoreline. Based on
this, our paleogeographic model for the early Eocene Indus
Foreland Basin with its northeast-trending western margin
seems supported by the data.

We recorded 16 paleocurrent measurements from fore-
set surfaces in cross-stratified sandstone bodies in the Kingri
area. Measurements were taken in three dimensions and cor-
rections were made for structure. Most values indicate
paleoflow toward the east-northeast.
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Kazi (1968) studied the Ghazij near Harnai and
reported a southeast paleoflow for the middle part of the for-
mation, and a south-southeast paleoflow for the upper part of
the formation. Kazi determined these orientations from
measurements of cross stratification, but his report gave no
details on methodology. Based on the orientations of sole
marks observed on the bottoms of Ghazij sandstone bodies
in the Kach area, Kassi and others (1987) determined that
paleoflow was toward the southwest and, to a lesser extent,
toward the southeast. These workers also did not mention
methodology. Ghaznavi (1990) studied the Ghazij in the
Khost-Shahrig-Harnai area and reported mostly south and
southeast paleoflow. Again, no mention was made of meth-
odology. In the Sulaiman Range, Waheed and Wells (1990)
conducted a detailed study of paleoflow indicators in rocks
ranging in age from Cretaceous to Pliocene. As part of this
study, they collected data from the Ghazij west of Dera
Ismail Khan and found that paleoflow was toward the north
at one site and toward the southeast at another site. They
attributed this disparity to different depositional positions on
two separate delta lobes. These workers described their
methodology in detail.

The wide range in compass directions just cited is not
surprising considering the variability in stream orientation
on a relatively flat fluvial setting, and the variability in the
direction of dune migration within individual stream chan-
nels. Moreover, regional and local tectonic disruptions have
most likely rotated strata from their original orientation.
Collecting good-quality paleocurrent data is dependent on
correct procedures, especially observing features in three
dimensions and correcting for structure where necessary.
Any carelessness in technique can result in erroneous paleo-
flow interpretations.

EARLY EOCENE PALEOGEOGRAPHY

Any reconstruction of the paleogeography that existed
during deposition of the Ghazij Formation is constrained by
the following two facts, both of which were discussed by
Hunting Survey Corporation (1960). First, overall grain size
in the Ghazij decreases in an easterly direction, that is from
shale, sandstone, and conglomerate to shale and limestone,
which suggests a westerly source for the detritus. The total
thickness of the Ghazij thins toward the east, which also sup-
ports a westerly source area. Moreover, in the Sulaiman
Range, Akhtar and Masood (1991) reported that the Ghazij
onlaps the Paleocene Dungan Formation from west to east,
and this phenomenon requires a westerly source area. And
second, the depositional facies of the Ghazij become more
marine in an easterly direction, which suggests that water
depth increased in that direction. Fritz and Khan (1966)
reached the same conclusion from their work with Ghazij
foraminifers from the Sor Range.

As stated previously, we believe that sometime near the
beginning of early Eocene time the distal edge of the marine
shelf that was attached to the leading edge of the Indian sub-
continent made contact with a terrestrial fragment that was
positioned adjacent to, but separated from, the Asian main-
land. This timing fits nicely with the emplacement of the
ophiolites (Humayon and others, 1991). As a first approxi-
mation, we assume that the long axes of these colliding phys-
iographic elements were oriented northeast. The collision
caused a relatively sudden reversal in the depositional slope
of the marine shelf from northwest facing to southeast fac-
ing, and for the first time the region had a clastic source
toward the northwest (see Waheed and Wells, 1990, for a
contrasting opinion of the timing of this slope reversal). One
of the initial effects of this collision was to uplift distal por-
tions of the marine shelf exposing its carbonate-platform
deposits to weathering and erosion. Evidence for this is con-
tained in the sandstones of the lower part of the Ghazij,
which are composed almost solely of limestone fragments.
The topographic depression known as the Indus Foreland
Basin developed between the Indian subcontinent and the
tectonic highlands uplifted by the collision, and during the
time between early Eocene and late Miocene this basin con-
tained an epicontinental sea. The great thickness of lower
Eocene to upper Miocene strata in the region indicates that
the depositional basin subsided with time. It is probable that
the floor of the basin had some amount of topographic relief
caused by differential structural movements, and such fea-
tures as the present-day Jacobabad high might have been
present during the early Eocene, dividing the basin into a
series of subbasins. (See Auden, 1974.)

We postulate that the rocks now contained in the Ghazij
were deposited along the northwest side of the Indus Fore-
land Basin, which is best described as a mountain-front fore-
land basin. We visualize a series of broad deltas, each
associated with a major drainage system coming from the
tectonic highlands (fig. 46). The lower part of the Ghazij
was deposited seaward of these deltas, the middle part of the
formation was deposited within the deltas or along inter-
delta stretches of the coastline, and the upper part of the for-
mation was deposited landward of the deltas.

The broader aspects of the early Eocene paleogeo-
graphic model suggested by Hunting Survey Corporation
(1960) is expectedly similar to our model. However, their
model was conceived during the late 1950’s, a time that pre-
dates the understanding of plate tectonics. For example,
their discussion of the tectonic highlands, or hinterland as
they called it, as related to sediment source is made complex
by their lack of understanding of modern tectonic theory.
Also, not realizing that vast areas could be moved great dis-
tances by tectonics, such as with the southern advance of the
Sulaiman lobe, these workers simply took the present-day
outcrop belt of the Ghazij and constructed their coastal out-
line to fit this pattern. Hence, this part of their model has
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Figure 46.

Ghazij Formation

Interpretive sketch of northwest edge of the early Eocene Indus Foreland Basin showing deltas positioned along a southeast-

prograding shoreline. Deposition of the three parts of the Ghazij Formation resulted from this progradational process. 1, Mudrock depos-
ited in a prodelta (lower part of the formation). 2, Mudrock, sandstone, and coal deposited on lower delta plain and near shoreline (middle
part of the formation). 3, Mudrock and conglomerate deposited on upper delta plain (upper part of the formation). No scale implied. Barb

indicates relative direction of movement on range-front fault.

little merit today. In contrast, we assume, as a first approxi-
mation, that the coastline was relatively straight.

Current thinking (Jadoon and others, 1990, 1994;
Humayon and others, 1991) has the Sulaiman Lobe moving
southward since the Ghazij was deposited in early Eocene
time. Therefore, exposures of the formation now located
within the lobe, such as at Khost, Shahrig, Harnai, and Duki,
and to a lesser extent, Kingri, Rakhi Nala, and Zinda Pir,
must have been deposited to the north some unknown dis-
tance. In addition to simple southern transport, some
unknown amount of rotation undoubtedly has occurred. All
of this makes unraveling the details of early Eocene paleo-
geography in this area very difficult. Exposures of the Ghazij
south of the lobe front, such as at Pir Ismail Ziarat, the Sor
Range, Mach, and Johan, are probably close to their original
depositional orientation, although they might have been
transported at high angles away from the Himalayan orogen
some unknown distance. The same can be said of Ghazij
exposures along the northern part of the Sulaiman Range,
such as at Moghal Kot and Drazinda.

We believe that the amount of sandstone and coal con-
tained in the middle part of the Ghazij is directly related to
proximity to delta complexes. With this in mind, we have
named these the Kingri delta, the Khost-Duki delta, and the

Pir Ismail Ziarat delta. The original positions of the Kingri
and Khost-Duki deltas are unknown, but we believe that the
Pir Ismail Ziarat delta was positioned south of these two.
The delta complex that we are the most familiar with is Pir
Ismail Ziarat. As the name implies, we believe that the dep-
ocenter of this complex existed somewhere in this area. We
visualize a broad feature, probably tidally dominated, and
believe that the Sor Range, Mach, and Johan represent
increasingly distal areas of this depositional system. Hunting
Survey Corporation (1960) also considered the Johan area
distal to a delta setting.

DEPOSITIONAL HISTORY OF THE
GHAZ1J FORMATION

In general, the vertical lithologic and biologic character-
istics of the Ghazij Formation are those of a shallowing-
upward sequence. We postulate that, overall, the Ghazij rep-
resents, in ascending order, marine shelf, beach, estuary, and
coastal-plain deposition.

As pointed out by Gibson and others (1992), the pres-
ence of deep-water foraminifers in the lowest strata of the
formation just above the shallower water limestones of the
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Paleocene Dungan Formation indicates a significant
increase in water depth. This requires a rise in sea level
(transgression) resulting in a major marine flooding event at
the beginning of the Eocene.

The general shallowing-upward conditions recorded in
the upper portion of the lower part and in the middle part of
the formation must have resulted from a relative lowering of
sea level (regression) and the gradual withdrawal of marine
water from the region. Progradation associated with this
event resulted in the deposition of shoreface deposits in the
lower portion of the middle part of the formation. In areas
where the middle part of the formation is particularly well
developed, such as at Pir [smail Ziarat, strata in the upper
portion of the middle part of the formation indicate that the
progradational event progressed to the point of fluvial
deposition.

One of the major unknowns concerning the Ghazij is
whether a regional unconformity exists between the middle
and upper parts of the formation. Where the conglomerate
facies is present at the base of the upper part of the formation
in the Quetta region, an unconformity is suspected at the
base of the conglomerate. The same tectonism that uplifted
the source area and provided the gravel could also have
caused regional erosion. But in areas where the conglomer-
ate is not present at this stratigraphic level, little evidence for
an unconformity is noted. If an unconformity does exist at
this level, then a continued lowering of sea level is indicated,
and the conglomerate represents incised-valley-fill deposits
occupying depressions that were cut during the fall in base
level. In contradiction, the conglomerates in the upper part
of the Ghazij to the south in the Kalat region do not seem to
fit this model. Here the conglomerates seem less likely to
represent a single valley-fill event because they make up
much of the upper part of the formation. Unable to prove the
presence of a regional unconformity, we accept the assump-
tion that coastal-plain deposition continued into late Ghazij
time.

The presence of trace fossils resembling Ophiomorpha
in sandstone bodies in the middle portion of the upper part
of the Ghazij near Pir Ismail Ziarat and near Johan indicates
brackish, if not totally marine conditions. Allowing that the
upper portion of the middle part of the formation was
deposited under mostly fluvial conditions and that at least
the lower portion of the upper part of the formation was
deposited fluvially, then some amount of sea level rise
(transgression) and resulting marine flooding is required to
move brackish or marine environments landward across the
fluvial deposits. Moreover, based on the presence of deep-
water foraminifers recovered from the upper portion of the
upper part of the formation in the Sor Range, this rise in sea
level apparently continued into latest Ghazij time. This
seems supported by the upward progression from brackish
to marine ostracodes in the upper portion of the upper part
of the formation near Shahrig, as reported by E.M. Brouw-
ers (oral commun., 1994). Because a laterite is locally

present at the very top of the Ghazij, a major lowering of
sea level (regression) culminating with a withdrawal of
marine water from the area is suspected. If this was the
case, then the event is represented by a subtle regional
unconformity between the Ghazij and the overlying middle
Eocene Kirthar Formation. The limestones in the lower
part of the Kirthar formed in relatively shallow marine
water, which indicates that a rise in sea level (transgression)
resulted in yet another marine flooding event at the begin-
ning of Kirthar time.

In summary, deposition of the Ghazij seems to have
been influenced by several major fluctuations in sea level
(fig. 47). These fluctuations could have occurred in response
to the nearby tectonism associated with the collision, or they
could have been part of a worldwide eustatic event.
Nagappa (1959) used foraminifer data to define four trans-
gressive-regressive cycles affecting the deposition of Upper
Cretaceous through Eocene strata in the India-Pakistan-
Burma region; our model is somewhat similar to his third
cycle.

ABOUT THE CONGLOMERATE FACIES

We postulate that during late Ghazij time the early
Eocene collisional event culminated with intensified uplift
of the Indian subcontinent’s former marine shelf on the
west side of the Indus Foreland Basin exposing even more
of the shelf’s carbonate-platform deposits to weathering and
erosion. Significant relief, perhaps the scarps of high-angle
reverse faults, directly adjacent to the west edge of the late
Ghazij coastal plain provided coarse sediment to an other-
wise low-energy depositional environment (Johnson and
others, 1993). Geographic irregularities along the colli-
sional front resulted in a unique pattern of uplifts, which
then provided coarse sediment to a corresponding irregular
pattern of southeast-prograding alluvial lobes. These vari-
ous lobes are now represented by the conglomerate facies in
the Ghazij.

CORRELATION OF THE GHAZ1)J
FORMATION WITH EOCENE
SEDIMENTARY ROCKS IN
ADJACENT REGIONS

Much work remains to be done before unequivocal cor-
relations can be made between the Ghazij Formation and
lower Eocene sedimentary rocks in adjacent regions. This
work will involve studies on biostratigraphy and deposi-
tional settings that will ultimately lead to a better under-
standing of the smali-scale paleogeographic subtleties that
existed during this epoch.
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Figure 47. Depositional environment of the lower Eocene Ghazij
Formation as compared to base-level fluctuations. Scale in 500-m
increments.

TOWARD THE NORTH—NORTH WEST
FRONTIER PROVINCE

Along the eastern flank of the northern part of the
Sulaiman Range between latitudes 31°00" and 33°00" N.,
Hemphill and Kidwai (1973) mapped three Eocene units,
Ghazij Shale, Baska Shale, and Kirthar Formation. The
Ghazij Shale and the Baska Shale are thought to be equiva-
lent to the Ghazij Formation in the Quetta region (fig. 48).
On their maps, outcrop patterns of these two units trend
north, generally between longitudes 70°00" and 70°15" E.
The Baska Shale is not shown north of about lat 32°30" N.,
but the Ghazij Shale is shown extending to the north edge of
the area of their northernmost map. The abrupt termination
of the outcrop pattern at this edge implies that the unit con-
tinues beyond the northern limit of their mapping. However,
the name Ghazij is not used in publications concerning lower
Eocene strata in areas beyond lat 33°00” N., which happens
to be the latitude of Bannu (fig. 49).

THAL-KOHAT AREA

North and northeast of Bannu in the Thal-Kohat area
(fig. 49), Eocene rocks have been mapped and described by
Meissner and others (1974) and by Meissner and others
(1975). The usual ascending sequence is Panoba Shale,
Mami Khel Clay, and Kohat Formation. By direction of the
Stratigraphic Committee of Pakistan (Shah, 1977), the Mami
Khel Clay has been renamed the Kuldana Formation.
Throughout the region the Panoba and Kuldana are separated
by an unconformity. The Kuldana and Kohat are separated
by an unconformity on the west side of the area, but on the
east side the contact is conformable. In the southeastern part
of the region, in an apparently more basinward direction, the
Shekhan Limestone intervenes between the Panoba and the
Kuldana, and no unconformities are present in the Eocene
sequence. Farther to the southeast, facies changes have
resulted in the Bahadur Khel Salt replacing the upper part of
the Panoba, and the Jatta Gypsum replacing the Shekhan.
Throughout the Thal-Kohat area the Eocene sequence is
underlain conformably by the Paleocene Patala Formation,
and unconformably overlain by the Miocene Murree Forma-
tion.

The pattern labeled Ghazij Shale that terminates against
the northern border of the area of the map by Hemphill and
Kidwai (1973) at lat 33°00’ N. is shown on the southern bor-
der of the area of a map by Meissner and others (1975) to
continue as the Panoba Shale. Both Hemphill and Kidwai,
and Meissner and others agreed that the two lithostrati-
graphic units are equivalent. B.R. Wardlaw and others
observed and measured parts of the lower Tertiary sequence
in this region in 1991. In an unpublished trip report outlining
their activities, Wardlaw (written commun., 1991) indicated
on a figure that the Panoba Shale in this area is equivalent to
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Figure 48. Diagram correlating lower Eocene strata in the Quetta region with lower Eocene strata in selected areas of North West Frontier

Province and Sindh Province. No scale implied.

the lower part of the Ghazij Formation in the Quetta region
(fig. 48). Moreover, one of his measured sections containing
the Panoba shows an interval of sandstone and conglomerate
about 60 m thick at the top of the formation that he inter-
preted as a deltaic deposit. Although the middle part of the
Ghazij as it is known in the greater Quetta region pinches out
at some latitude north of Kingri, the deitaic unit just men-
tioned probably accumulated in a paleogeographic setting
similar to that of the middle part of the Ghazij in the Quetta
region. Also in this trip report, Wardlaw stated his belief that
the Kuldana Formation, Baska Shale, and the upper part of
the Ghazij Formation in the greater Quetta region were all
stratigraphic equivalents. In contrast to this, Hemphill and
Kidwai (1973) believed that the Baska simply pinched out

toward the north within the area of their mapping. We note
that Gingerich and others (1979) reported the presence of
middle Eocene fossil vertebrate remains in the Kuldana For-
mation near Kohat. If the upper part of the Ghazij and the
Baska Shale are lower Eocene, as usually cited, then the dep-
ositional facies must become younger toward the north for
the upper Ghazij-Baska-Kuldana correlation to be valid.

SURGHAR RANGE

East of Bannu near Makarwal in the Surghar Range
(fig. 49), Eocene rocks have been mapped and described by
Danilchik and Shah (1987). Here, only two units are
recognized, Nammal Marl and Sakesar Limestone. This
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Figure 49.  Lithostratigraphic units in northern Sulaiman Range
and to north that possibly correlate with the Ghazij Formation in
Quetta region. Shaded pattern encloses exposures of Eocene rocks.
T, Thal; K, Kohat; M, Makarwal. 1, northern Sulaiman Range; 2,
Thal-Kohat area; 3, Surghar Range. No vertical scale implied.
Modified from Bakr and others, 1964.

sequence is underlain conformably by the Paleocene Patala
Shale and overlain unconformably by the Oligocene to
Miocene Mitha Khatak Formation.

According to Meissner and others (1974) the lower two
thirds of the Sakesar is equivalent to the Panoba Shale, and
the upper third is equivalent to the Shekhan Limestone. If
this is correct then the Sakesar, and probably the Nammal,
are time-stratigraphic equivalents of the Ghazij Shale near
Bannu (fig. 48) and, by inference, the lower and middle parts
of the Ghazij Formation in the greater Quetta region (see also
Igbal, 1969; Shah, 1977, 1990). The fact that the Surghar
units are carbonates indicates a more basinward depositional
position. Because the Sakesar is overlain by an unconfor-
mity in the Surghar Range it is impossible to tell if a time-
stratigraphic equivalent to the Baska Shale was removed by
erosion or simply never deposited.

TOWARD THE SOUTHEAST—
SINDH PROVINCE

South along the Kirthar Range, the Ghazij Formation
crops out intermittently to a point 23 km south of Karkh at
about lat 27°30" N., where the farthest-south exposure is ter-
minated by a fault (Hunting Survey Corporation, 1960). In
this part of the Kirthar Range, the Ghazij is composed almost
exclusively of mudrock, and the formation is underlain by
the Paleocene Karkh Group and overlain by the mostly
Eocene Brahma Limestone; both of these are local units

roughly equivalent to the Paleocene Dungan Formation and
the middle Eocene Kirthar Formation, respectively.

HYDERABAD

In the southern part of Sindh Province west of Hydera-
bad, rocks of Eocene age are well exposed over a broad area
(fig. 50). This area is centered about 240 km south-southeast
of the southernmost exposure of Ghazij Formation in the cen-
tral Kirthar Range. The Eocene sequence is composed of the
following units, in ascending order: Laki Formation, Tiyon
Formation, and Kirthar Formation (Kazmi and others, 1990;
Outerbridge and others, 1991). This sequence is underlain
conformably by the Paleocene Sohnari Formation, and over-
lain unconformably by the Oligocene Nari Formation.

The time-stratigraphic equivalent of the Ghazij Forma-
tion is probably contained in the sub-Kirthar part of the
sequence, namely the Laki (Shah, 1977; Hunting Survey
Corporation, 1960) and Tiyon Formations. But because the
closest exposures are separated by 240 km, a more specific
correlation based on lithofacies is probably impossible. This
apparent limitation does not, however, prohibit speculative
comments. Based on stratigraphic position we postulate that
the mostly nonmarine Sohnari is perhaps the time-strati-
graphic equivalent of at least part of the Paleocene Dungan
Formation in Balochistan (see also Hunting Survey Corpora-
tion, 1960). Outerbridge and others (1991) suggested that the
Sohnari probably represents a minor regressive event. If this
is correct, then the associated slight fall in sea level might
have affected shallower parts of the marine shelf positioned
close to the India subcontinent, while having only minor
effects on carbonate deposition farther out on the shelf
toward the northwest. The marine transgression indicated by
the deposition of marine rocks of the Meting Limestone
Member of the Laki Formation, which overlies the Sohnari,
might be associated with the transgressive event in
Balochistan that caused deep-water mudrock in the lower
portion of the lower part of the Ghazij to be deposited over
shallow-water carbonates in the Dungan. Based on lithol-
ogy, the Tiyon might possibly represent another minor
regressive event. Adding this hypothesis to the formation’s
stratigraphic position, one might argue that the Tiyon is
somehow related to the regressive event that affected the
deposition of the upper part of the Ghazij in Balochistan (fig.
48). This leaves the Laki as the most likely candidate for
equivalence to the lower and middle parts of the Ghazij (see
also Igbal, 1969).

POST-GHAZ1J GEOLOGIC HISTORY

POST-GHAZIJ PLATE TECTONICS

By the middle Eocene the effects of the initial collision
had subsided, and between middle Eocene and earliest
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Miocene time, the Indian subcontinent made its final
approach to the Asian mainland. Thus, the distance between
the terrestrial fragment and the mainland is accounted for.
Actual docking of the two landmasses must have occurred
between earliest Miocene and earliest Pliocene time, but the
full impact of the collision did not occur until later in the
Pliocene when the ongoing Himalayan orogeny began. Cur-
rently, the convergence rate is about 4 cm/yr (Powell, 1979)
as the Indian subcontinent tries to underthrust, perhaps
obliquely, the Asian mainland. Estimates of total crustal
shortening since the beginning of the Himalayan orogeny
range from 600 km (Butler and Coward, 1989) to 2,000 km
(Patriat and Achache, 1984).

POST-GHAZIJ DEPOSITION

Following the initial collision and the deposition of the
Ghazij Formation, the area that is now northeastern
Balochistan entered a period for which the geologic setting
is poorly understood. This period is represented by the rocks
contained in the middle part of the stratigraphic column (fig.
4) above the Ghazij and below the conglomerates of the col-
lision molasse.

PREOROGENIC MARINE DEPOSITS

Rocks just above the Ghazij Formation are mostly
marine, and were deposited in a variety of specific environ-
ments. The strata probably accumulated on a south- or
southeast-facing depositional slope that received clastic
input from the north or northwest. During this period, it is
possible that several transgressive-regressive events
occurred (Nagappa, 1959), and by the orientation of the dep-
ositional slope we propose, the sea would have approached
and retreated from the south or southeast, but there is no evi-
dence to support this conclusion. The following brief litho-
logic descriptions are based primarily on Hunting Survey
Corporation (1960) and Shah (1977).

Overlying the Ghazij is the middle to upper Eocene
Kirthar Formation (Spintangi Limestone of Hunting Survey
Corporation, 1960). This unit contains locally abundant
marine fossils, and is divided into four members that define
two depositional cycles, each consisting of shallow-water
limestone overlain by shale. Bedded gypsum, as thick as 6
m, is locally present in the lower part of the formation and
probably represents deposition in areas of restricted-marine
circulation.

Above the Kirthar is the Oligocene Nari Formation.
This unit consists mostly of cross-stratified, ripple-lami-
nated, medium- to coarse-grained sandstone interbedded
with minor amounts of shale. Limestone containing marine
fossils and interbedded with shale and sandstone is com-
monly present in the lower part of the formation. The Nari
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Figure 50. Lithostratigraphic units in Sindh Province that
possibly correlate with the Ghazij Formation in Quetta region.
Shaded pattern encloses exposures of Eocene rocks west of
Hyderabad. 1, Central Kirthar Range south of Karkh; 2, West-
Hyderabad area. No vertical scale implied. Modified from Bakr
and Jackson, 1964.

signals the end of post-Ghazij carbonate deposition, and the
large amount of sand in the formation represents the first
major influx of clastic detritus to enter the depositional envi-
ronment since Ghazij time; its presence might be a precursor
to later events.

The last marine unit to be deposited is the Miocene Gaj
Formation; it is not present in most areas north of Quetta.
This unit consists of shale with subordinate amounts of sand-
stone and limestone, all of which contain marine fossils.
However, in the uppermost part of the formation in the
northern part of the Kirthar Range, sedimentary features are
reported that suggest fluvial deposition (Hunting Survey
Corporation, 1960).

PREOROGENIC NONMARINE DEPOSITS

The first truly nonmarine unit to be deposited in the
region is the upper Miocene Nagri Formation of the Siwalik
Group. The Nagri consists of green and blue, medium- to
coarse-grained sandstone with subordinate amounts of shale
and conglomerate, the latter containing pebbles of igneous
rock and limestone. Terrestrial vertebrate fossils are
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abundant, and Waheed and Wells (1990) reported fossil root
traces and pedogenic features.

The lowest Pliocene Dhok Pathan Formation of the
Siwalik Group was the last relatively fine grained continental
unit to be deposited prior to the arrival of the collision
molasse. This unit consists of multiple cycles of sandstone
and shale with some layers and lenses of conglomerate in the
upper part. Terrestrial vertebrate fossils are very common.

SYNOROGENIC DEPOSITS

The beginning of coarse-grained molasse deposition did
not occur until later in the Tertiary after the full impact of the
main collision had initiated the Himalayan orogeny. Starting
in the earliest Pliocene, radical uplift associated with the
orogeny provided a source of gravelly sediments that were
transported by braided streams (Waheed and Wells, 1990)
away from the tectonism and eventually deposited in fore-
deep basins that developed subparallel to the tectonic front.
The conglomerates shown in the upper part of the strati-
graphic column (fig. 4), the Pliocene-Pleistocene Soan For-
mation, and Pleistocene Lei Conglomerate, Bostan
Formation, and Dada Conglomerate, were deposited by this
process. Waheed and Wells (1990) collected paleocurrent
data from post-Oligocene deposits at two widely spaced sites
in the Sulaiman Range. Although data from the northern part
of the range indicate paleoflow generally toward the south-
east, which seems to fit the regional model of molasse depo-
sition, data from the southern part of the range indicate a
paleoflow toward the southwest, which seems at variance to
the model.

Since the early Pliocene, tectonism has apparently pro-
ceeded toward the south in the Salt Range (fig. 49) and
Sulaiman lobe, and toward the east in the Sulaiman and
Kirthar Ranges, away from the main orogen. This tectonic
progression is evident by the development of small folds
within the foredeep just off the main tectonic fronts. Good
examples are the Zinda Pir anticline east of the Sulaiman
Range, and the Sui and Uch anticlines south of the Sulaiman
lobe (Jadoon, 1991; Humayon and others, 1991). Accompa-
nying this tectonic migration, depocenters of the associated
foredeeps have moved in the same direction as sediments
prograde away from the approaching tectonic fronts. The
fact that the molasse sequence generally coarsens upward
seems to support this concept. Raynolds and Johnson (1985)
reported that a vertical sedimentation rate of 20-30 cm per
1,000 years, and a horizontal depocenter migration rate of 20
m per 1,000 years, are typical for these deposits.

Earthquakes are common events in northeastern
Balochistan, and one such event near Quetta in 1935 regis-
tered at least 7 on the Richter Scale. Thus it is clear that the
Himalayan orogeny continues into the present, and associ-
ated seismicity is recognized throughout Pakistan.
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APPENDIX. COAL DEPOSITS OF
NORTHEASTERN BALOCHISTAN

Pakistan contains three main coal-mining regions: (1)
the Surghar Range and Potwar Plateau in the North West
Frontier and Punjab Provinces, which are typified by the
activities west of Makarwal and along the Salt Range; (2)
the Quetta region in Balochistan Province stretching from
Mach to Duki; and (3) the area west of Hyderabad in Sindh
Province. In addition to these three regions, coal has
recently been discovered in the subsurface of the Thar
Desert in eastern Sindh Province. With the exception of the
Eocene coal in Balochistan, all the coal currently mined in
Pakistan is Paleocene in age. Non-economic coal is locally
present in Permian strata in the Salt Range, and rarely
present in Miocene strata in the Sulaiman Range.

Coal is present in the middle part of the Ghazij Forma-
tion throughout the greater Quetta region. However, in only
a few areas is the coal of sufficient thickness to warrant com-
mercial extraction. According to Ahmad and others (1986),
the coal-bearing part of the Ghazij covers about 10,000 km?.
Coal rank ranges from subbituminous B to high-volatile B
bituminous, with averages of ash 13.59 percent, sulfur 4.99
percent, and heat value 9,816 Btu/lb (Warwick and Javed,
1990). Most of the place names mentioned in this discussion
can be found in figure 2.

According to Khan and others (1972), coal was first dis-
covered in Balochistan in 1870 by Sir R. Sandeman in the
Chamalang River valley near Bahlol. Coal was next discov-
ered in areas adjacent to the valley that connects Khost,
Shahrig, and Harnai, and with the western extension of a nar-
row-gauge railroad through this area in the 1880’s, coal min-
ing became an important commercial endeavor. With the
exception of the Pir Ismail Ziarat coal field, mining in most
other areas had commenced by the turn of the century.

Coal from Balochistan is considered the best in Pakistan
because of its relatively high rank. But why is the rank so
high in this region? Three processes are generally thought to
account for increase in coal rank: (1) tectonic squeezing, (2)
depth of burial, and (3) proximity to an igneous intrusion. In
support of the first process, Hunting Survey Corporation
(1960) reported that coal rank in Balochistan increases with
structural deformation. As mentioned by Ahmad and others
(1986), compressional forces expel moisture and volatile
matter, and in so doing might increase the carbon content.
This process could explain the northwest increase in coal
rank in the Khost-Shahrig-Harnai area, as discussed by
Ghaznavi (1990); this area lies in the general direction of
increased tectonism from the Himalayan orogeny. In regard
to process 2, Ghaznavi (1990) estimated that the Ghazij For-
mation in the Khost-Shahrig-Harnai area could have been
buried under as much as 6,000 m of younger rocks in the
past, and that even a geothermal gradient as low as 2° C per
100 m could result in increased maturation. Igneous intru-
sions (factor 3) are generally absent from Balochistan.

The validity of some reported coal quality values cited
herein must be viewed with caution. Because of differences
in sampling techniques, shipping methods, and laboratory
procedures, it is problematic to compare one set of values
with another set. Also, only the salient values are mentioned.
For more details on the analyses, consult the references pro-
vided.

SPECIFIC COAL FIELDS

Coal has been extracted from many sites throughout
Balochistan, but in this report we summarize only the major
deposits. For a more complete listing refer to Hunting Sur-
vey Corporation (1960).

DUKI

The Duki coal field is centered southwest of Duki about
60 km east northeast of Harnai. The coal field trends north-
west and extends for about 16 km. According to Khan
(1994), the field covers about 100 km?. Although the pres-
ence of coal has been known since 1892, coal remained
unmined as late as Hunting Survey Corporation’s work in
the late 1950’s. The coal field has been discussed by Hunting
Survey Corporation (1960), Khan and others (1972), Ahmed
and others (1986), Khan and others (1986), Shah (1990), and
Khan (1994). The most comprehensive study is by Khan and
others (1986) and Khan (1994), and much of the information
given herein is from their work.

The coal is exposed in the north-dipping limb of a west-
plunging syncline. There are reported to be as many as 17
coal beds, the most beds present in any coal field in Pakistan,
and these are grouped into four coal zones. Fifteen of the
beds are minable. Bed thickness ranges from about 15 cm to
1.15 m.

On an as-received basis, Khan and others (1986) cited
average ranges as follows: moisture 4-8 percent, volatile
matter 38-50 percent, fixed carbon 28—42 percent, ash 5-24
percent, and sulfur 4-6 percent. Calorific value ranges from
7,992 to 11,706 Btu/lb with an average of about 9,739. Most
of the coal is subbituminous B and C.

KHOST-SHAHRIG-HARNAIL

In the northwest corner of the Sulaiman lobe, coal is
exposed along a northwest-trending belt of interconnecting
valleys that stretches for about 100 km. Most of the commer-
cial coal is contained in the Khost-Shahrig-Harnai coal field,
which extends from near Khost on the northwest to near Har-
nai on the southeast, a distance of about 56 km (fig. 20).
According to Khan (1994), the field covers about 200 km?.
Although Khost is only 54 air kilometers east of Quetta, the
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only approach from this city involves a circuitous road trip
involving almost a day’s travel. A railroad extends from
Khost southeast to Sibi and beyond. Mining has occurred in
this area since 18835, and the area contains one of the largest
concentrations of coal mines in Pakistan. The coal field has
been discussed by Gee (1945, 1950), Khan (1950),
Crookshank (1954), Hunting Survey Corporation (1960),
Kazi (1968), Landis and others (1971), Ahmad and others
(1986), Shah (1990), Ghaznavi (1990), and Khan (1994).
The most comprehensive study of the coal in this field was
conducted by Ghaznavi (1990) as a Ph. D. dissertation at
Southern Illinois University, and much of the information
contained in this section comes from his work. The work of
Khan (1994) was also used in this section.

Coal beds in the Khost-Shahrig-Harnai coal field range
from about 8 cm to 2.30 m thick. Although as many as seven
coal beds have been reported, only three are generally
thought to be of economic significance. These are referred to
as the bottom, middle, and top beds. Most coal is mined from
the middle and top beds. As reported by Ghaznavi (1990),
the top bed is the most laterally extensive, and ranges from
23 to 67 cm thick. It is best developed near Shahrig;
mudrock partings in the bed increase toward both Khost and
Harnai. The middle bed ranges from 23 to 69 cm thick. It
lies from 30 to 50 m below the top bed near Khost, from 75
to 80 m below the top bed near Shahrig, and from 10to 15 m
below the top bed near Harnai. Mudrock partings are present
near Khost and Harnai, and these increase from both direc-
tions toward Shahrig. In general, the partings are thinner
than those in the top bed, and some partings consist of sand-
stone.

Coal from this field is relatively high in ash and sulfur.
Ghaznavi (1990) reported as-received values from 35 sam-
ples taken from the middle and upper beds. Ash averages 21
percent with a maximum of 25 percent, and sulfur averages
8.8 percent with a maximum of 17 percent. The coal is also
comparatively high in volatile matter, hydrogen, and nitro-
gen. Calorific values range from 6,773 to 13,023 Btu/lb with
an average of 10,114. This coal field contains the highest
rank coal in Pakistan. In general, the coal is high-volatile C
bituminous near Harnai, high-volatile B bituminous near
Shahrig, and high-volatile A bituminous near Khost. Coal
petrography reveals that vitrinite group macerals are abun-
dant and inertinite macerals are quite rar¢ (Ghaznavi, 1990).

SOR RANGE

The northwest-trending Sor Range is about 21 km long
and, structurally, consists of a northwest-plunging syncline
involving the Ghazij and Kirthar Formations in the limbs,
and Neogene deposits in the core. The southwest side of
this structure has been cut by a range-parallel fault that is
partly covered by Quaternary deposits. As viewed from the
northeast, resistant limestone of the Kirthar forms a

semicontinuous cliff along the top of the range, and softer
mudrock of the Ghazij makes up the lower slopes. The Sor
Range coal field is spread along the northeastern flank of
the range, and is generally thought of as including three
areas: the northern and central part of the range, Sinjidi, and
Daghari (fig. 22). According to Khan (1994), the field cov-
ers about 50 km?. The north end of the coal field lies only
13 km east of Quetta, and Daghari, at the south end of the
coal field, lies about 27 km southeast of Quetta. Some coal
has been mined east of Sinjidi near the village of Margat
(Khan and others, 1972), but this area is usually not consid-
ered part of the Sor Range coal field. The Sor Range coal
field has been discussed by Gee (1945, 1950), Khan (1950),
Crookshank (1954), Hunting Survey Corporation (1960),
Landis and others (1971), Khan and others (1972), Ahmed
and others (1986), Shah (1990), Kazim and others (1991),
and Khan (1994). The most recent study of this coal field is
that by Kazim and others (1991), and much of the informa-
tion following is from their report.

Plate 2 shows stratigraphic sections of the middle part of
the Ghazij along the entire length of the Sor Range. In this
stratigraphic framework, the spatial relations between
mudrock intervals, sandstone bodies, and coal beds are easily
seen. Kazim and others (1991) reported the presence of as
many as five coal beds in the Sor Range ranging from a few
centimeters to 8.5 m thick. Only two of these are minable,
and are referred to as the bottom bed and the top bed.
According to Hunting Survey Corporation (1960), the thick-
ness of these two beds ranges from about 0.6 m to 2.74 m
with the bottom bed averaging about 1.37 m and the top aver-
aging about 0.76 m. Most coal is extracted from the bottom
bed.

Coal from the Sor Range is relatively low in sulfur and
ash. Landis and others (1971) reported on the analyses of
28 coal samples collected from the Sor Range between 1956
and 1969. On an as-received basis, ash ranges from 2.7 to
14.1 percent and sulfur ranges from 0.4 to 5.6 percent.
Khan and others (1972) reported that averages from 22 of
these samples are ash 6.7 percent and sulfur 2.6 percent.
Calorific values as reported by Landis and others (1971)
range from 8,690 to 10,900 Btu/lb with an average of
10,098. Most of the coal is subbituminous A. Kazim and
others (1991) noted that the coal contains from 75 to 85
percent vitrain, from 5 to 12 percent durain, from 5 to 8
percent clarain, and from 3 to 8 percent fusain.

PIR ISMAIL ZIARAT

The Pir Ismail Ziarat coal field is located about 45 km
southeast of Quetta in the Narwari Valley (fig. 23), and is the
newest coal mining area in Pakistan. According to Khan
(1994), the field covers about 20 km?. Several small-scale
enterprises extracted coal for local use during the 1950’s, but
larger mining efforts did not begin until the late 1960’s. The
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coal field has been discussed by Ahmed and others (1986),
Shah (1990), Landis (1994), and Khan (1994). Of these,
Landis (1994) contains the most useful data, and much of the
information in this section comes from his report.

Because Pir Ismail Ziarat is a relatively new coal field,
details of the coal are still quite sketchy. For example, it is
still uncertain how many coal beds are present. Most work-
ers think the number of minable beds is between two and
five. Landis (1994) reported that in the southern part of the
coal field two coal beds are mined. The lower bed averages
0.75 m in thickness, and the upper bed, 180-300 m higher in
the stratigraphic section, averages about 0.6 m. In the north-
ern part of the coal field near the village of Pir [smail Ziarat,
detailed work by Johnson and Khan (1994b) revealed the
presence of 10 coal horizons, each consisting of one or two
beds. The stratigraphic separation between the base of the
lowest bed and the top of the highest bed is 262 m. Bed
thickness ranges from 6 to 92 cm and at least three beds are
minable.

Coal is present north of the main part of the coal field at
two sites, Sherki Kach and Ghate (fig. 23). In the Sherki
Kach area only one coal bed, about 1 m thick, is mined. In
the Ghate area two beds are present, but only the upper bed
is mined. This bed is locally as thick as 2.4 m, but it is usu-
ally less than 1 m thick.

According to Landis (1994), as-received analyses of
13 samples collected from the Pir Ismail Ziarat coal field
revealed that the coals are medium to high in ash and high
in sulfur. Ash content ranges from 3.7 to 37.1 percent with
an average of 13 percent, and sulfur content ranges from 2.2
to 6.0 percent with an average of 4.3 percent. Calorific
value ranged from 7,450 to 10,840 Btu/lb with an average
of 10,100. Coal from the southern part of the field is high-
volatile C bituminous, and coal from the northern part,
including the Sherki Kach and Ghate areas, is subbitumi-
nous A.

MACH

The town of Mach is located about 48 km southeast of
Quetta, and coal is mined to the south, west, and north of this
community. A railroad connecting Quetta with Sibi runs
through Mach. Coal is also mined near Ab-i-Gum about 10
km to the southeast, but this area is not usually considered
part of the Mach coal field. According to Shah (1990), the
field covers about 50 km”. The coal field has been discussed
by Gee (1945, 1950), Khan (1950), Hunting Survey Corpo-
ration (1960), Khan and others (1972), Ahmad and others
(1986), Ahmad and Kazim (1987), Shah (1990), and Khan
(1994).

According to Shah (1990) as many as 17 coal beds
might be present in this area, ranging in thickness from a few
centimeters to 1.5 m, but only two or three beds, usually less
than 1 m thick, are being mined.

The most recent coal quality data appears in Shah
(1990), but it is unclear who conducted the analyses. On an
as-received basis, ash content ranges from 9.6 to 20.3 per-
cent, sulfur ranges from 3.2 to 7.4 percent, and calorific
value ranges from 9,900 to 10, 500 Btu/lb. Coal rank ranges
from subbituminous C to subbituminous B.

LESS SIGNIFICANT SITES

Coal has been reported in the Ghazij Formation just
north of Bahlol about 80 km east of Duki (Crookshank,
1954; Hunting Survey Corporation, 1960; Khan and others,
1972; Shah, 1990). Only a few beds are present, and their
thicknesses range from 3 to 76 cm. Minor coal is also
reported near Bela Dhaka about 30 km northeast of Bahlol
(Hunting Survey Corporation, 1960).

Northwest of the Khost-Shahrig-Harnai coal field, the
Ghazij is exposed in the core of an anticline that extends
northwest almost to Kach before turning southwest and con-
tinuing to within 10 km of Quetta. Some minor coal mining
is conducted along this trend. Landis (1994) reported the
mining of one bed about 1 m thick near the west end of the
trend. Near the east end of the trend, two beds are present,
an upper bed about 1 m thick and a lower bed about 75 cm
thick. At the time of Landis’ visit only the lower bed was
being mined. As-received analyses of three coal samples
collected from the western part of the trend are high in ash,
about 18 percent, and high in sulfur, about 5.6 percent. Cal-
orific value is about 10,320 Btu/lb on an equilibrium mois-
ture basis, and the coal has a rank of high-volatile C
bituminous. Two samples collected from the eastern part of
the trend were considered unreliable by Landis, but a rank of
high-volatile A or B bituminous was suggested for this area.

Vredenburg (1909) and Hunting Survey Corporation
(1960) mentioned the presence of coal near the small village
of Abigul about 60 km south of Quetta. Landis (1994)
reported that a small patch of Ghazij is exposed in the area,
and that the analyses of two samples revealed one to be coaly
carbonaceous shale and the other to be lignite A.

Coal is present in the Ghazij near the village of Johan
about 93 km south of Quetta. Mention of this was made by
Vredenburg (1909), Crookshank (1954), Khan and others
(1972), and Hunting Survey Corporation (1960). According
to the Geological Survey of Pakistan, coal beds in this area
are strongly lenticular, and the maximum thickness is 26 cm.
Except for one small entry on a 2.5 cm bed, we observed no
evidence of mining. Landis (1994) commented that what
coal is present is too weathered for meaningful chemical
analysis. '

Of special interest is the rumored presence of coal in
Rodangi Nala about 75 km southwest of Quetta, in the Pale-
ocene and Eocene Rodangi Formation. Landis (1994)
reported that during a short reconnaissance of the area, only
three beds of coaly carbonaceous shale could be found.
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